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● Preface

The Savannah River Site Etivironmental Repotifor
2002 (wSRC-TR-2003+0026) is prepared for the

U.S. Department of Energy (DOE) according to
requirements of DOE Order231. 1, “Environment.
Safety and Health Reporting,” and DOE Order
54W.5, “Radiation Protection of the Public and
Environment.” The report’s purpose is to

. present summary environmental data that
characterize site environmental management
performance

. confirm compliance with environmental
standards and requirements

. highlight significant programs and efforts

. assess the impact of SRS operations on the
public and the environment

This year’s report reflects a continuing effort (begun
in 2001) to streamline the document and thereby
increase its cost effectiveness-without omitting
valuable technical data. To that end, there will be no
summary pamphlet, and considerable detail has been

● removed from the text of the report as each author
strives to present results in summary fashion,
focusing on historical trends. Several chapters have
been combined, and some tables have been removed
from the body of the report, as have most maps and
graphics. However, complete data tables again are
included on the CD inside the back cover of the
report. The CD also features an electronic version of
the repom, an appendix of site, environmental
sampling location, dose, and groundwater maps; and
complete 2CQ2reports from a number of other SRS
organizations.

SRS has had an extensive environmental monitoring
program in place since 1951 (before site startup). In
the 1950s, data generated by the onsite environmental
monitoring program were reported in site documents.
Beginning in 1959, data from offsite environmental
surveillance activities were presented in reports
issued for public dissemination. SRS reported onsite
and offsite environmental monitoring activities
separately until 1985, when data from both programs
were merged into one public dmument.

The Savannah River Site Environmental Report for
2002 iSan overview of effluent monitoring and
environmental surveillance activities conducted on

● December31,2002. Itispreparedbythe
and in the vicinity of SRS from January 1 through

Environmental Monitoring and Analysis (EMA)

Report Available on Web

Readers can find the SRS Environments/ Repofl
on the World Wide Web at the followingaddress:

httpllm.srs.govlgen eralfpubdERsutindex.html

To inquireabout the report, please contect

J.D. Heffner, Maneger
EnvironmentalMonitoringand Analysis
WestinghouseSavannah River ComrIanY
Building735-B
Aiken, SC 29~8

Telephone:(803) 952+931
E-mail address:james.heffner@srs.gov

I

ZIOUDof Westinghouse Savannah River Company
[WSRC). The “~RS Environmental Monitor~ng Plan”
(WSRC-3QI-2-1OCO) and the “SRS Environmental
Monitoring Program” (WSRC–3Q1-2–1 100) provide
complete program descriptions and document the
rationale and design criteria for the monitoring
program, the frequency of monitoring and analysis,
the specific analytical and sampling procedures, and
the quality assurance requirements.

Variations in the environmental report’s data content
from yew to year reflect changes in the routine
program or difficulties encountered in obtaining or
analyzing some samples. Examples of such problems
include adverse environmental conditions (such as
flooding or drought), sampling or analytical
equipment malfunctions, and compromise of the
samples in the preparation laboratories or counting
room,

Unless otherwise indicated, the figures and tables in
this report are generated using results from the
routine monitoring program. No attempt has been
made to include all data from environmental resewch
programs. A more complete listing of routine
monitoring program data can be found on the CD
accompanying this reWrt.

The following information should aid the reader in
interpreting data in this report:

. Analytical results and their comespnding
uncertain y terms generally are reported with up
to three significant figures. This is a function of
the computer software used and may imply
greater accuracy in the reported results than the
analyses would allow.

Environmental Repori for 2002 (WSRC-TR-2003-OO026) v



. Units of measure and their abbreviations are .
defined in the glossary @eginning on page 85)
and in ch~ at tie back of the repom.

. The reported uncertainty of a single
measurement reflects only the counting
error-not other components of random and
systematic error in the measurement process—so
some results may imply a greater confidence
than the determination would suggest.

.
. An uncefiainty quoted with a mean value

represents the standard deviation of the mean
value. This number is calculated from the results
themselves and is not weighted by the
uncertainties of the individual results.

All values represent the weighted average of all
acceptable analyses of a sample for a particular
analyte. Samples may have undergone multiple ●
analyses for quality asswance purposes or to
determine if radlonuclides we present. For
certain radionuclidcs, quantifiable concentrations
may be klow the minimum detectable activity
of the analysis, in which case the actual
concentration value is presented to satisfy DOE
reporting guidelines.

The generic term “dose,” as used in the report,
refers to the committed effective dose equivalent
(50-year committed dose) from internal
deposition of radionuclides and to the effective
dose equivalent attributable to betigamma
radiation from sources external to the body.

vi Savannah River Site
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● Acronyms and Abbreviations
Note: Sampling Iocatton abbreviation can be found on paga xvii.

A
AEC - U.S. Atomic Energy Commission

ALARA -As low as reasonably achievable

ANSP - Academy of Natural Sciences of
Philadelphia

B
BCG - Biota concentration guide

BOD - Biological oxygen demand

BSRI - Bechtel Savannah River, Inc.

BTU - British Thermal Unit

c
● CAA - Clean AIr Act

CAAA - Clean Au Act Amendments of 1990

CAB - C]tizens Adviso~ Board

CAS - Chemical abstract numbrs

CDC - Centers for Disease Control and Prevention

CERCLA - ComprehensiveEnvironmental Response,
Compensation, and Liability Act (Superfund)

CFC - Chlorofluormabon

CFR - Code of Federal Regulations

CIF - ConscdidatedIncineration Facility

CLED - Contaminated large-equipment disposition

CMP - Chemicals, metals, and pesticides

cOU - Catalytic oxidation unit

CSRA - Central Savannah River Area

CSSX - Caustic side solvent extraction

cSWTF - Central Sanitary Wastewater Treatment

●
Facility

C-TOX - Chronic toxicity

CWA- Clean Water Act

CX - Categorical exclusion

D
D&D - Deactivation and decommissioning

DCG - Derived concentration guide

DOE - U.S. Department of Energy

DO=ML - U.S. Department of Energy
Environmental Measurements Latmratmy

DOE-HCt - U.S. Department of Energy–Headquarters

DOE-SR - U.S. Department of Energy-Savannah
River Operations Ofice

DUS - Dynmic underground stripping

DWPF - Defense Waste Processing Facility

DWS - Driting water standmds

E
EA - Environmental assessment

ECA - Environmental Compliance Authority

EEfCA - Engin@ring evaluationfcost analysis

EGG - Environmental Gmchemisu Group, now the
Geochemical Monitoring group -

EIS - Environmental impact statement

EMA - Environmental Monitoring& Analysis woup,
formerly tbe Environmental Monitoring Section

EMCAP - Environmental Monitoring Computer
Automation Program

EMS - Environmental Monitoring Section of the
Environmental Protection Department (of
Westinghouse Savannah R~ver Company), now the
Enviromnental Monitoring& Analysis group

EPA - U.S. Environmental Prottition Agency

EPCRA - Emergency Planning and Community
Right-to-Know Act

EPD - Environmental Protection Department (of
Westinghouse Savannah River Company). now the
Environmental .servic:s Smtion
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Acmnyrns and AbbrewationS

ERA - Environmental Resource Associates

ERD - Environmental Restoration Division

ERDMS - Environmental Restoration Data
Management System

ESCO - Energy Services Company

ESS - Environmental Services SXtion, formerly the
Environmental Production Department

ETF - Effluent Treatment Facility

EST - Environmental Sciencesand Technology
Department

F
FDD - Facilities Decontamination and
Danunissioning pro~am (formerly the Facilities
Disposition Division), now Facilities Disposition
PrOjwts

FFA- Federal Facility A~esment

FFCA - Federal Facility Compliance Agreement

FFCACI- Federal Facility Compliance Act

FONSI - Finding of no significant impact

G
GDNR - tirgia Department of Natural Resources

GIMS - Geochemical Information Management
System

GIS - ~~aphic Information System

GOCO - Government-owned, contractor-operated

GPMP - Groundwater Protection Management
Program Plan

GSMP - Groundwater Surveillance Monitoring
Program

GSA - General Separations Area

H
HBFC - Hydrobromofluorocarbon

HCFC - Hydrochlorofluorocarhn

HEAST - Health Effects Assessment SumrruaryTables
(EPA)

HVAC- Heating, ventilation, and air conditioning

HWMF- hwardous waste management facilities ●
I
ICRP – International Commission on Radiological
Protection

ISO - International Organization for Standardization

K
KAMS- K-Area materials storage

L
LOR - Land disposal resmictions

LLD- bwer limit of detection

LLW- bw-level radioactive waste

M
MACT- Maximum achievable control technology ●
MAP – Mitigation action plan

MCL- Maximum contaminant level

MDA- Minimum detectable activity

MOC- Minimum detectable concentration

MDL- Minimum detwtable limit.
MLLW- Mixed (i.e., hazardous and radioactive)
low-level radioactive waste

MOX- Mixed oxide

MRO- Mean relative difference

mrem - Millirem

MWMF- Mixed Waste Management Facility

N
NCRP - National Council on Radiation Protection

and Measurements

NELAC - National Environmental Laboratory
Accreditation Conference

NEPA - National Environmental Policy Act
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Acronyms and Abbreviations

NESHAP - National Emission Standards fol

● Hazardous Air Pollutants

NFN -No tile negative

NHPA- National Historic Preservation Act

NIST- National Institute of Standar& and
Tmhnology

NOV- Notice of violation

NPOES - National Pollutant Discharge Elimination
System

NRC - Nuclear Regulatory Commission

NSPS - New Standardsof Performance for
Stationary Sources

o

PAR Pond - Pond constructed at Savannah River Site
in 1958 to provide cooling water for P-Reactor and
R-Reactor (P and R, hence, PAR)

PEIS - Programmatic environmental impact
statement

pH - Measore of the hydrogen ion concentration in
an aqueous solution (acidic solutions, PH from 0-6;
basic solutions, PH a R and neu~ solutions. PH =
7)

ppm - Parts per million

POL - Practical quantitation limit

Q
QA - Quality assurance

QAP - Quality Assurance Program (Department of
Energy)

●
QA/QC - Quality assurancdquality control

QC - Quality control

R
RBOF - Raeiving Basin for Offsite Fuel

RCRA - Resource Conservation and Recovery Act

RFURI- RCRA facility investigatiotiremdlal
investigation

ROD - Record of dmision

ROSRS - Remote-operations size-reduction system

RQ - Reprtable quantity

RTF - Replacement Tritium Facility

s
SARA - Suprfund Amendmenu and Reautbotization
Act

SCDHEC - South Carolina Department of Health and
Environmental Control

SCHWMR - South Carolina H-dous Waste
Management Regulations

SDWA - Safe Drinking Water Act

SEIS - Supplemental environmental impact statement

SES - Shealy Environmental Services, Inc.

S&HO - Safety and Health Operations

SIRIM - Site Item Repofibllity and Issues
Management

S&M - Smeillance and maintenance

SRARP - Savannah River Archa&logical Research
Program

SREL - Savannah River Ecology Laboratory’

SRIP - Savannah River implementation procedure

SRL - SavannahRiver Lakratory (now Savannah
River Technology Center)

SRS - Savannah River Site

SRTC - SavannahRiver Technology Center
(formerly Savannah River Laboratory)

STP - Site treatment plan

Su - Stidard unit

SUD - Site Utilities Division of Westinghouse
Savannah River Company

SVE - Soil vapor extraction
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Acronyms and Abbreviations

sWD - Solid Waste Division

SWDF - Solid Waste Disposal Facility

SWMF - Solid Waste Management Facility

T
TCLP - Toxicity Characteristic Leaching Procedure

TLD - Thermolumirmscent dosimeter

TMDL - Total maximum daily load

TPBARS - Tritium prdrrcing burnable absorber rnds

TRU - Tmnsuranic waste

TSCA - Tnilc Substances Control Act

TSS - Total suspended wlids

u
USFS-SR - U.S. Department nf Agriculture Forest ●
ServiceSavannah River

USGS - U.S. Geological Sm’vey

v

VIA - Values impact assessment

VOC - Volatile organic com~und

w

WET - Whnle effluent toxicity

WIPP - Waste Isnlation P1lOtPlant

WSRC - Westin~ouse Savannah River Company

.
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● sampling Location Information
Note: This section wntains sampling location abbreviations used in the text endor on the sempling location

map. It also mntains e list of sampling locations known by more than one name (awe nefi page).

Location
Abbreviation Location Namtiother Applicable lnforma~on

4M

4h4c

BDC

BG

EAV

FM

FMC

GAP

HP

HW

KP

●
L3R

NRC

NSB L&D

PAR

PB

RM

Sc

SWDF

TB

TC

TNX

U3R

Four Mile

Four Mile Creek

Beaver Dam Creek

BurialGround

E-Area Vaults

Four Mlie

Four Mile Creek (Founnile Branch)

Georgia Power Company

HP (sampling locationdesignationonlfi not an actual abbreviation)

Highway

Kennedy Pond

Lower Three Runa

Nuclear Regulatory Commiaaion

New Savannah Bluff Lock & Dam

“P and R“ Pond

Pen Branch

River Mile

Steel Creek

Solid Waate Disposal Facility

Tires Branch

Tinker Creek

MultipurposePilot Plant Campua

Upper Three Runs
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Sampling Location Information

Sampling Locations Known by More Thsn One Nsme

Augusta Lookand Dam; New Savannah BiuffLmk and Dem ●
Beaver Dam Creek 400-D

Four Mile Creek–2B; Four Miie Creek at Road C

Four Miie Creek+ Four Miie Creek at Road A-1 >2

Lower Three Runs–Z Lower Three Runs at Patterson Mili Road

Pen Brancb3; Pen Branch at Road A-13-2

R-Araa downstream of R–t; 100-R

River Miie 118.8; U.S. Highway 301 BridgeArea Highway 301; US 301

River Miie 129.1; Lower Three Runa Mouth

River Miie 141.5 Steei Creak Boat Ramp

River Mile 150.4 Vogtie Discharge

River Miie 152.1; Beaver Dam Creek Mouth

River Miie 157.2; Upper Thrae Runs Mouth

River Miie 160.R Demier Landing

Staei Creek at Road k Steei Creek+ Steei Creek-1 at Road % Steel Creek at Highway 125

Tires Branch at Road C; Tires Branch-5

Tinker Creek at Kennedy Pond; Tinker Creek-1 .

Upper Threa Runs+ Upper Three Runs-4 at Road A; Upper Three Runs at Road N Upper Three Runs at
Road 125

Upper Three Runs-1 A Upper Three Runs-1A at Road 8
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Chapter 1

Introduction
Pete Fledderman and Al Mamatey
Environmental Services Section

T ~ Savannah River Site (SRS), one of the
facilities in the U.S. Department of Energy
(DOE) complex, was constructed during the

early 1950s to produce basic materials (such as
plutonium-239 and tritium) used in nuclear weapons.
The site covers approximately 310 squwe miles in
South Carolina and borders the Savannah R]ver.

Mission

SRS’S mission is to fulfill its responsibilities safely
and securely in the stewardship of the nation’s
nuclear weapons stockpile, nuclear materials, and the
environment. These stewardship areas reflect current
and future missions to

. meet the needs of the enduring U.S. nuclear
weapons stockpile

● .“
store, treat, and dlspse of excess nuclew
materials safely and securely

. treat and dispose of legacy wastes from the Cold
WU and cleanup environmental contamination

SRS will continue to improve environmental quality
and clean up its legacy waste sites and manage any
waste produced from current and future operations.
Managing this waste will include working with DOE
and tbe State of South Carolina to ensure that there is
a safe and acceptable way to permanently dispose of
high-level waste and nuclear materials off site and to
find mutually acceptable solutions for disposition of
waste.

Site Location, Demographics,

and Environment

SRS covers 198,344 acres in A1ken, Allendale, and
BamweO counties of South Carolina. The site is
approximately 12 miles south of Aiken, Sonth
Carolina, and 15 miles southeast of Augusta, Georgia.

The average population density in the counties
surrounding SRS is about 91 people per square mile,
with the largest concentration in the Augusta

@ Burea”da@,thepopuiationwithina50-mileradi”s
metropolitan area. Based on 20W U.S. Census

of the center of SRS is approximately 712,780.

Various industrial, manufacturing, mdical, and
farming operations are conducted near the site.
Several major industrial and manufacturing facilities
are lncated in the area, and a variety of crops is
produced on local farms.

Water Resources

SRS is bounded on its southwestern border by the
Savannah River for about 35 river miles and is
approximately 160 river miles from the Atlantic
Ocean.

The Savannah River is used as a drinking water
supply source for some residents downriver of SRS.
The river also is used for commercial and s~rt
fishing, boating, and other recreational activities.
There is no known use of the river for irrigation by
farming operations downriver of the site.

Land and Forest Resources

Tbe SRS region is part of the Southern Bottomland
Hardwmd Swamp region, which extends south from
Virginia to Florida and west along the Gulf of Mexico
to tbe Mississippi River drainage basin.

About 200 Curolina bays exist on SRS. These unique
wetlands provide im~rtant habitat and refuge for
many plants and animals.

Animal and Plant Life

Most of SRS has been virtually undisturbed for
decades because of its isolation; this bas facilitated a
bea]tby, diverse ecosystem. About 2~ species Of

birds, 60 species of reptiles, 40 species of
amphlblans, 80 species of freshwater fish, and 50
species of mammals exist on site.

Primary Site Activities

Separations

Originally, site facilities generated materials for
nuclear weapons. Since tbe end of tbe Cold War in
1991, however, their pqse has shifted to the
stabilization of nuclear materials from onsite and
offsite sources to ensure safe long-term storage or
dlspsal.

Environmental Repoit for 2002 (WSRC–TR-2003-OO026) 1
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Spent Nuclear Fuel

The site’s spent nuclem fuel facilities house used fuel
elements from reactors, These elements were
generated during site reactor operations and also
come from offsite sources.

Tritium

SRS tritium facilities recycle the tritium from nuclem
weapons reservoirs that have been returned from
service. This allows the United States to use its
tritium supplies effectively and efficiently.

Waste Management

The site’s waste management facilities manage

. the lwge volumes of radiological and
nonradiological waste created by previous
operations of the nuclezr reactors and their
support facilities

. newly genesated waste created by ongoing site
operations

Although the primzry focus is on safely managing the
high-level liquid waste, the site also must handle,
stnre, treat, dispnse of, and minimize solid waste
resulting frnm past, ongoing, and future operations.
Solid waste includes hazzrdous, low-level, mixed,
sanitary, and transuranic wastes.

Environmental Restoration

Abnut515 waste units have been identified tn be
addressed through the site’s environmental restoration
prngram.

In its environmental restoration efforts, the site
removes, stabilizes, contains, or otherwise treats a
contaminant so that it will not bann human health or
tbe environment. At its current rate, environmental
restoration work at SRS should be completed within a
few decades.

Environmental Monitoring

SRS has always been concerned about the safety of
the public. The site is committed tn protecting human
health and reducing the risks associated with past,
current, and future operations. Sampling Iwations,
sample md]a, sampling frequency, and types of
analysis zre selected based on environmental
regulations, ex~sure pathways, public concerns, and
measurement capabilities.

Releasea

Releases to the environment of radioactive and
nonradioactive materials come from legacy

contamination as well as from ongoing site
operations. For instance, shallnw contaminated
groundwater—a legacy—flaws slowly toward onsite ●
streams and swamps and intn the Savannah River, In
ongoing site operations, releases recur during the
processing of nuclear materials.

Meeting certain regulations, such as the Safe
Drinking Water Act and the Clean Air Act, requires
that releases nf radioactive materials from site
facilities k limited to very small fractions of the
amount handled. The site follows a philosophy that
emissions (discharges) be kept far klow the
regulatory standards.

Pathways

The routes that contaminants can follow tn get to the
environment and then to people are known as
ex~sure pathways. A ~rson potentially can be
exWsed when be or she breathes the ail, eats locally
prcduced foods and milk, drinks water from the
Savannah River, eats fish caught from the Savannah
River, or uses the Savannah River fnr recreational
activities such as boating, swimming, etc.

One way to Ieam if contaminants from the site have
reached the environment is thrnugh environmental
monitoring. The site takes thousands of air, water,
soil, sediment, food, vegetation, and animal samples
each year. The samples zre analyzed for potential ●
contaminants released from site operations, and the
pntential radiation exposure tn the public is assessed.
Samples zre taken at the points where materials me
released from the facilities (effluent monitoring) and
out in the environment (environmental surveillance).

Research and Development

The Savannah River Technology Center (SRTC), the
site’s applied research and development laboratory,
creates, tests, and implements solutions to SRS’S
tahnological challenges. Other environmental
research is conducted at SRS by the following
organizations:

. Savannah River Ecology Laboratory (SREL) -
More information can be obtained by contacting
SREL at 803–725–2473 or by viewing the
Iahratnry’s website at http://www.uga.edu/srel.
Also, S~L’s tmhnical progress reprt for 20132
is included on the CD housed inside the back
cover nf this document.

. U.S. Depaflment of Agriculture Forest
Service-Savannah River (USFS-SR) - More
information can be obtained by contacting
USFS-SR at 803–7254006 or 803-725-0237 nr
by viewing the USFS–SR website at ●
http://www.srs. gov/general/enviro/srfs.htm. Also,

2 Savannah River Sirs
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USFS-SRS 2W2 report is included on the CD

●
housed inside the back cover of this document.

● Savanwh River Amkeological Research
Program (SRARP) - More information can be
obtained by contacting SRARP at
803-725-3623.

\
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Chapter 2

Environmental Compliance
Jack Mayar
Environmental Project StIppoft Contributing authors’ names sppear on psge 17.

It
is the policy of the U.S. Deptiment of Energy
(DOE) that all activities at the Savannah River

Site (SRS) be carried out in full regulatory
compliance with applicable federal, state, and local
environmental laws and regulations; DOE orders,
notices, directives, policies, and guidance.
Compliance with environmental regulations and with
DOE orders related to environmental protection is a
critical part of the operations at SRS. The purpose of
this chapter is to report on tbe compliance status of
these various statutes and programmatic dmuments at
SRS. Some key regulations with which SRS must
comply—and the compliance status of each—are
listed in the chaff on the next page.

Compliance Activities

Resource Conservation

●
and Recovery Act

The Resource Conservation and Recovery Act
(RCRA) was passed in 1976 to address s~lid and
hazardous waste management. Tbe law requires that
the U.S. Environmental Protection Agency (EPA)
regulate the management nf solid and hazardous
wastes, such as spent solvents, batteries, and many
other discarded substances deemed potential y
harmful to human health and the environment.
Amendments to RCRA regulate nonhazardous solid
waste and some underground storage tanks.

Hazardous waste generators, including SRS, must
follow specific requirements for handling these
wastes. SRS received no RCRA-related notices of
violation (NOVS) during 2002.

Land Disposal Restrictions

The 1984 RCRA amendments established Land
Disposal Restrictions (LDRs) to minimize the threat
of hazardous constituents migrating to groundwater
sources. The same restrictions apply to mixed wastes.

Treatability variances are an option available to waste
generation facilities if alternate treatment methods we
appropriate fOrspecific waste streams, SRS has
identified certain mixed waste streams that are
potential candidates for a treatability variance. The
SRS Site Treatment Plan (STP), which addresses

storage and treatment of mixed waste. references
three treatability variances for mixed wastes with
special problems that prevent treatment according to
LDR standards, These variances have been completed
and sent to EPA headquarters, where they continue to
await approval.

Faderal Facility Compliance Act

Tbe Federal Facility Compliance Act (FFCAct) was
signed into law in October 1992 as an amendment to
the Solid Waste Disposal Act to add provisions
concerning the application of certain requirements
and sanctions to federal facilities. An STP consent
order was obtained and implemented in 1995, as
required by the FFCAct. As required by tbe STP
consent order, SRS issued an annual update to tbe
STP. The update, issued April 29,2002, identified
changes in the mixed waste treatment status,
includlng the addition of new mixed waste streams.
STP updates will continue to be produced annually
unless the consent order is modified.

Underground Storage Tanks

The 19 underground storage tanks at SRS that house
petroleum products and hazardous substances, as
defined by the Comprehensive Environmental
Response, Compensation, and Liability Act
(CERCLA), are regulated under Subtitle I of RCRA.
These tanks require a compliance certificate annually
from SCDHEC to continue operations. SCD=C
conducts an annual compliance
inspection-and-records audit prior to issuing the
compliance certificate. SCDHEC’s 2002
inspectiotiaudb found all 19 tanks to be in
compliance.

High-Level Radioactive Waste Tank Closura

The primary regulatory goal of SRS’S waste tak
closure process at the F-Area and H-Area high-level
waste (HLW) tank farms is to close the tank systems
in a way that protects public health and the
environment in accordance with South Carolina
Regulation 6 1–82, “Propr Closeout of Wastewater
Treatment Facilities.”

Tanks 17F and 20F were closed in 1997. The Federal
Facility Agreement (FFA) requires the closure of tank
19F by March 30, 2M4, and tank 18F by June 30,

Environmental Report for 2002 (WSRC–TR–2003-00026) 5
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Some of the Kev Regulations SRS Must Follow. .

Legislation

RCRA
Resource Consewafion and Recovery Act (1976)

FFCAct
Federal Facility Compliance Act (1992)

CERCLA; SARA
Comprehensive Environmental Response,
Compensation, and LiabilityAct (1980);
SuperfundAmendments and ReauthorizationAct
(1986)

CERCLA/TITLE Ill (EPCRA)
Emergency Planning and Community
Right-to-KnowAct (1986)

NEPA
National Environmental Policy Act (1969)

SDWA
Safe DrinkingWater Act (1974)

CWA;NPDES
Clean Water Act (1977); National Pollutant
Discharga EliminationSystem

CA& NESHAP
Clean Air Act (1970); National Emission Standards
for Hazardous Air Pollutants

TSCA
Toxic Substances Control Act (1976)

What It Requires/SRS Compliance Status

+ The management of hazardous and
nonhazardouswastes and of underground
storage tanks containinghazardous substances
and petroleum products– In compliance

+ The development by DOE of schedulesfor
mixed waste treatment to avoid waiver of
sovereignimmunityand to meet LDR
requiremanta– In compliance

+ Tha establishmentof liability,compensation,
cleanup, and emargency responsafor
hazardous substance released to the
environment- In compliance

+ The raportingof hazardous substancesused on
site (and their releases) to EPA, state, and local
planningunits- In compliance

+ The evaluation of the potential environmental
impactof federal activitiesand alternatives- In
compliance

● The protectionof publicdrinkingwater systems
- In mmpliance

● The regulationof hquiddischargesat outfalls
(e.g., drainsor pipes) that carIy affluentstO
streams - In compliance

+ Theestabliahment ofairquality standardsfor
hszardoua air amissions, such as radionuclidea
and benzene - In compliance

+ Theregulation ofuseand diaposalof PCBs-in
compliance

2004, Waste removal and characterization have been statement (EIS) before conducting any further closure
completed on tank 19F. The waste removal and activities. A record of decision (ROD) on this action
residual waste characterization for tank 18Fare was issued August 19,2002 .More information about
scbcduled to be comoleted in 2003. A tank 19F tits ROD can be found beginning on page 8.
closure mcdule has been completed and is ex~ctcd
to be submitted to SCDHEC in 2W3. The closure
module for tank 18Fisbeing prepared and is
scheduled to be submitted to SCDHEC in iate 2~3.

DOE determined in October 1998 that SRS should
perform a tank closure environmental impact

6

Waste Minimization Program

The SRS Waste Minimization Program is part of a
broad, ongoing effort to prevent pollution and
minimize waste on site. The program is designed to
meet the requirements of RCRA, of DOE orders, and ●
of applicable executive orders. The SRS program

Savannah River Site
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earned twoofthe 13 DOE National Pollution

● Prevention Awards in 2002.

Comprehensive Environmental
Response, Compensation,
and Ulability Act

SRS was placed on the National priority List in
Decemkr 1989, under the legislative authority of
CERCLA (Public Law 96-510), as amended by the
Superfund Amendments and Reautbnrizatinn Act of
1986 (SARA, Public Law 99-499). In accordance
with Scctinn 120 of CERCLA, DOE, EPA Region IV,
and SCDHEC entered into the FFA, which kame
effective August 16, 1993.

SRS has515 unitx in its environmental restoration
progmm. At the end of 2C02, remediation was in
pr~ess, or had bmn completed,in316 unis and
areas. Environmental restoration activities dufing
2002 included the following:

.

.

@

.

.

.

.

@

.

Remdial investigations wem initiatd nn tie
Lower Tbrce Rum Integrator Operable Unit
(IOU) and the Steel Creek IOU.

RCRA facility investigatintiremdial
investigations (RF’URI)we~ initiated on (1)
C-Area Reactnr groundwater, (2) HP-52 ponds,
(3) the R-Area b.min#rubble pits and rubble
pile, (4) the SRL Oil Test Site, and (5) Warner’s
Pond.

Remdial actions were completed and
post-consmctinn re~dtinal remdlation
repmts wem submitted for the C-Area reactor
seepage basins, the K-Area burning/rubble pit
and rubble pile, and the K-Area reactor seepage
baxin.

Interim action post-construction reports were
submitted for the chemicals, metals, and
pesticides pits and the mixcellanmus chemical
basin/metals burning pit.

RODS were submitted fnr the A-Area
miscellaneous rubble pile, the Central Shops
bumin~mhble pitx, the R-Area Bingham pump
outage pits and tbmc urrnumcd R-Area waste
sites.

RODS were approved for the General
Separations Area consolidation unit; the L-Area
rubble pile, burrrin#rubble pit, and gas cylinder
dtsposal facility; the P-Area bumin#mbble pi~
and the R-Area acid/caustic basin.

RODS with certification signatures were issued
for the Central Shnps sludge Iagnnn and the Fnrd
Buildlng seepage basin.

. ROD amendments were approved for the C-Area
and L-Area reactor scopage basins.

. Explanations of significant differences were
apprnvd fnr TNX-Area Operable Unit
gmundwater and the A-Area burning/rubble pit
and mbble pit.

A listing of all operable units at SRS can be found in
appendix C (“RCRMCERCLA Units List”) and
appendix G vSite Evaluating List”) of the FFA.

Emergency Planning and Community
Right-to-Know Act

The Emergency Planning and COmmunity
Right-to-Know Act @XRA) Of 1986 r~uires
facilities to notify state and local emergency planning
entitim abut their hazardous chemical inventories
and to report releases of hazardous chemicals. The
Pollution Prevention Act of 1990 expanded the Toxic
Chemical Release Inventnry re~rt to include source
rcductinn and recycling activities.

Tier II Inventory Reporf

Under Sation 312 nf EPCRA, SRS cOmplems UKI
annual TLerII Inventory Reprt for all ha.mrdous
chemicals present at the site in excess of s~itied
quantities during tbe calendar year. Hazurdous
chemical storage infomration is submitted to stutc and
Imal authorities by March 1 for the previnus calendar
yenr,

Toxic Chemical Release Inventory Report

Under Section 313 of EPCRA, SRS must tile an
annual Toxic Chemical Release Inventmy repnrt by
July 1 for the previous yeur. SRS calculates chemical
releases to the environment for each regulated
chemical that exceeds its establis~ threshold arrd
reports the releaxe values tn EFA on Fmm R of the
re~rt.

Fom R for 2001 identified 12 chemicals, with
releases totaling 239,786 ~unds, exceeded the
“manufactured,” ‘>rwessed,” or “otherwise used”
tbresbold. As in 2~, nitrite, chromium, and zinc
compunds were the largest contributors to the total
reportable releases in 2@l.

Executive Order 12856

Executive Order 12856 requires that all federal
facilities cnmply with right-to-know laws and
pollution preventing requirements. The order requires
that federal facilities mwt EPCRA repotiing
requirement and develop voluntary goals to reduce
releases of toxic chemicals 50 percent on a DOE
complexwide basis by the end of 1999+ goal
accomplished by the complex. SRS complies with the
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Table 2-1 2002 SRS Reporting Compliance with Executive Order 12856 ●
EPCRA Activity Reported par
Citation Regulated Applicable

Requirement

302-303 Planning Notification Not Requireda

304 Extremely Hazardous Substances
Releasa Notification Not Requireda

311-312 Material Safety Data Sheet/
Chemical Inventory Yes

313 Toxic Releaae Inventofy Reporting Yes

a Notraqulrd to raporlundarpmvlsionsof“&acutivaOrder12856andSARAlitia Ill RapotingRequiremanta”

applicable reporting requirements for -w, as
indicated in table 2-1, and the site inco~ratcs the
toxic chemicals on the Toxic Chemical Release
InventO~ r*rt into its pellution prevention efforts.

National Environmental Policy Act

The National Environmental Policy Act (NEPA)
esteblishca policica and goals for the pmtation,
maintenance, and enhancement of the human
environment in the United States. NEPA provides a
mcam to evaluate the potential environmental impact
of major federal activities that could significantly
aff=t the quality of the environment and to examine
alternatives to those actions.

In 20Q2, 287 reviews of newly pre~sed actions were
conducted at SRS and formally documented. The
types and numkrs of ~PA activities conducted at
the site in 2W2 are presented in table 2-2. Among the
specific acfivitics were the following

● A ROD waa issued for the EIS on the HLW tank
closure at SRS. The proposed action was to close
the SRS HLW tanks in accordancewith
applicable laws, regulations, DOE orders, and
SCDHEC permit requirements.

. The engineering evaluatioticost analysis
@CA) was completed on the closure of the
R-Reactor disassembly basin.

. A finding of no significant impact was signed for
the programmatic environmental assessment
(PEA) on the management program for the
sterage, hansportation, and disposition of
potentially reusable umnium materials.

Safe Drinking Water Act

The federal Safe Drinking Water Water Act (SDWA)
was enacted in 1974 to protat public drinking water
supplies. SRS drinking water is supplied by 18
separate systems, all of which utilim groundwater
sources. The A-Area, D-Area, and K-Area systems
are actively regulated by SCDHEC ivhile the
remaining 15 site waters ystemsreceive 8 lesser
degrm of regulatory oversight. ●

Table 2-2 Types/Quantity of NEPA ACtiVitie8
at SRS During 2002

Type of NEPA Documentation Number

Categorical Excfusion - 274

Tiered to Previous NEPA Documentation 13

EnvironmentalAssessment 2

ProgrammaticEnvironmentalAssessment 2

Engineering EvaluatiotiCost Analysia 1

EnvironmentalImpact Statement 2

Supplemental Environmental
Impecf Statement 1

ProgrammaticEnvironmental
Impact Statement 1

Total 296a

a Ninaofthe296 NEPAadlvitiasweremrryovarafrom
2001,leaving287newfyproposedactionsin2002.
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Samplm arc collected and analyzed periodically by

● SRS and SCDHEC to ensure that all site domestic
water systmnc mmt SCDHEC and EPA
bacteriological and chemical dritilng water quality
standards, All samples collected in 2M2 met these
standards.

The B-Area Bottled Water Facility is listed as a
public water system by SCDHEC. Results from
quarterly bacteriological analyses and annual
complete chemical analyses petiomed in 2002 met
SCDHEC and FDA water quality standards. The
bottled water facility is not subject to the lead and
cop~r requirements.

SCDHEC conducted its biannual survey of the
A-Arm, D-Arm, and K-Area domestic water systems
in April 2002. Survey results indicated a
“satisfactory” rating.

SRS rweivcd no NOVS in 2002 under the SDWA.

Clean Water Act

National Pollutant Discharge
Elimination Systam

The ClCanWater Act (CWA) of 1972 created tie
National Pollutant Dlscbarge Elimination System

● (NPDES) program, which is administ.rcd by
SCD=C under EPA authority. The prugram is
designed to protect surface waters by limiting
rel-s of nonradlological effluents into streams,
reservoirs, and wetlands.

SRS bad thrm NPDES permik in 2W. as fOROws:

● One permit for industrtil wastswater discharge
(scm175)

. Twogerleral permits for stormwater dkchqe
(SCROOfJflWfor industrial and SCRIOOoWfor
construction)

More information about the NPDES permits can b
found in chapter 3, “Effluent Monitoring.”

All results of monitoring for compliance with the
industrial wastewater discharge permit and the
general pemit for utility water discbiuge were
reported to SCDHEC in the monthly Discharge
Monitoring Re~rts, as required by tbe permits.

During January and February, SCDHEC conducted
its annual 2-week audit of the SRS NPDES permitted
outfalls. Overall, SRS rcceivcd a satisfactory rating
for this audit. The site rweived two written rcporta

●
from SCDHEC itemizing minor concerns identified
during the audit. In addition. SCD=C performed an
unscheduled NPDES compliance sampling inspection

at SRS in September. During the inspection, a pH
excecdance-cauti by Icakage from groundwater
well 905-1 8—was discovered at Outfall H-07. The
well waa shut down upon d]scovery of the problem.

Tbe outfdls covered by the mdified industfid
stormwater permit (SCR~) were r=valuatcd in
2001. This resulted in the development of a new
sampling plan, which was implemented in 2002.

Under the Cede of Federal Regulations (CFR) Oil
Pollution Prevention regulation (40 CFR 112), SRS
must repert pcrroleum pr~uct ilscbwges Of 1.~
gallons or more into or u~n the navigable waters of
the United States, or Pcmoleum prcduct discharges in
harmful quantities that result in oil sheens. No such
incidents occurred at the site during 2W2.

SRS has an agcement with SCDHEC to report
petroleum product discharges of 25 gallons or more
to the environment. Two such inciden~ in this
category occurred at the site during 2002 and were
reported appropriately.

Notices of Violation (NPDES)

SRS’S 2~ mmpliance rate for NPDES under the
CWA waa 99.8 ~rcent. FOLUNOVS were issud to
the site during 2002 in association with the NPDES
program.

In late 2001, petroleum hydrocarkns were
discharged into the environment without a permit at
or near NPDES Outfall D-006. The site self-repmted
the ~tential for there having tin a release of
petroleum hydrecarborm in the vicinity of the outfall.
SCDHEC subsequently issued an NOV to the site
January 7, citing a viOlatiOnof tie SOu~ C~Olina
Pollution Control Act Cede of law Annotated
48-1-90 (a) (1987).

.

SCDHEC issued an NOV to SRS January 11 for
activities involving the H–16 outfall. The NOV was
issued for a missed sample, whlcb resulted from a
missed hold time in the subcontract laborato~, and
for the resulting incorrect monitoring frequency listed
on the discharge monitoring report (DMR). The DMR
was revised to accurately reflwt the monitoring
frequency, and the subcontract lahratofy revised ita
internal proc~ures to prevent future occurrences. No
further action was required by SCDHEC.

EPA issued an NOV to the site April 2, citing 81
items of noncompliance from eight NPDES outfalls
and covering the period from October 1999 to
Febmary 2~. The alleged violations represented the
aggregate of all NPDES permit limit excda”ces
within tbe entire time period. Except for toxicity, the
site was in compliance with all Frmit limits on the
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date of r-ipt of the NOV. To ensure site compliance
with toxicity limits, SRS and EPA entered into a
consent agreement, which was r=eived Septemkr
30. The site has ~n in compliance with all NPDES
toxicity limits since the implementation in June of
analytical procedures utilizing a new test species.

SCDHEC issued SRS an NOV November 12 for a pH
violation at the H-07 outfall and for a total sus~nded
solids (TSS) violation at the H-02 outfall. The pH
violation was the result of a l~lng well flush valve,
which resulted in the discharge of uncontaminated
groundwater to the outfall. The well was immdlately
shut down and repaired. The TSS excccdance was the
result of a mpturcd domestic water line, wh]ch was
isolated and repaired the date of the incident. Both
outfalls were returned to compliance imrndlately
after the incidents, and no further actions were
required by SCDHEC.

Ten excccdances at NPDES outfalls occurred at SRS
in 20i12. A list of tbesc-including outfall Imations,
probable causes, and com=tive actions+an be
found in cbaptcr 3 (table 3-4). Four of the
excccdances were for pH and total suspended solids.
The remaining six were associated with the chronic
toxicity test that the site has kn asking EPA and
SCD= to remove from ita NPDES permit. Five of
these six chronic toxicity excccdan=s were at two
outfdls (A-O 1 and A–1 1). These outfalls have
consistently failed the chronic toxicity test, but
investigations into the cause of the failures have not
determined a toxicant in the effluent. Based on a 2002
agrmment with EPA and SCDHEC, an alternate
s~ies (i.e., Daphnia arnbigu) is tilng used at these
outfalls to test for chronic toxicity; tmtb A-01 and
A-II have consistently passed the test using WISnew
spies. The earlier use of Daphnia ‘ambigua would
have rcduccd the excccdances to date by 60 ~rcent.

Dredge and Fill; Rivers and Harbors

The CWA, Sation 404, “Dredge and FI1l
Permitting,” as amended, and the Rivers and Harbors
Act, S=tions 9 and 10, “Construction Over and
Obshuction of Navigable Waters of the United
States,” protect U.S. waters from dredging and filling
and construction activities by the permitting of such
projects.

In 2002, SRS conducted activities under five
nationwide Pemits (NWPs) as part of the NWP
program (general pennitc under Sation 404), but
under no individual Section 404 permits. The
activities were as follows:

.

.

.

.

.

Dam constmction on an unnacd tributary to
Four Mile Creek (also known as Founnile
Branch) for the Mixed Wrote Management
Facility Groundwater Interim Measures project
was completed under NWP 38, “Hazardous
Waste Cleanup.”

me hat dock on the Savannah River was
partially removed and stahilizcd under NWP 13,
“Bank Stabilization.” The pmj.%t was completed
and a permit closure notification was sent to the
US. Army Corps of Engineers in October.

SRS completed the plugging of ditches and the
removal of undesirable vegetation in 16 Carolina
bays, under NWP 27, “wetland Rest0~ti0n7 as
part of the SRS Carolina Bay Restoration
Projwt.

~rec wells were installed in wetlands
downstream of the Mixed Waste Management
Collection Pond Darn under NWP 5, “Scientific
Measuring Devices.”

A soil amendment study was conducted at the
TNX Outfall Delta O~rable Unit by the
Savannah River Twhnology Center (SRTC)
under NWP 5, “Scientific Meaauring Devices.”

Construction in Navigsble Waters

SCDHEC Regulation 19-450, “Permit for
Construction in Navigable Waters,” protects the
state’s navigable waters tbmugh the pemitting of any
dredging, tilting, construction, or alteration activity
in, on, or over state navigable waters, in or on the
beds of state navigable waters, or in or on land or
waters subjwt to a public navigational servitude. The
only state navigable waters at SRS are Upper Three
Runs Creek (through the entire site) and bwer Three
Runs Creek (upstream to the base of the PAR Pond
Dam). .

In 2002, SRS received an after-the-fact “Construction
In Navigable Waters” pnnit for two existing
sampling platforms lwated in Upper Three Runs at
SRS Road C and at South Carolina Highway 125. No
additional requirements were requested, so the matter
was Closed.

Federal Insecticide, Fungicide,
and Rodenticide Act

The Federal Inswticide, Fungicide, and Rcdenticide
Act restricK the application of restricted pesticides
through a state-administered certification progmm.
SRS complies with these requirements through
procedural guidelines, and the site’s ~sticide
procedure provides guidelines for pesticide use and
requires that applicators of restricted-use ~sticides
be state certified.
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●
Clean Alr Act

Regulation, Delegation, and Permits

The Clean Air Act (CAA) provides the basis for
protecting and maintaining air quality. Some types of
SRS air emissions are regulated by EPA, but most are
regulated by SCDHEC, which must ensure that its air
pollution regulations are at least as stringent as the
CAA’S,This is accomplished through SCDHEC
Regulation 61-62, “Air Pollution Control
Regulations and Standards.”

Under the CAA, and as defined in federal regulations,
SRS is classified as a “major source” and, as such, is
assigrmd one permit number (O08WI) by
SCDHEC. SRS holds operating and consmuction
permits or exemptions from SCDHEC’S Bureau of
AIr Quality, which regulates nonradioactive toxic and
criteria pollutant emissions from approximately 150
point sourccx, several of which have specific
emission limits.

As of May 1994, SCDHEC bad completed renewal of
all SRS operating permits, which are valid for 5
yeas. Because of ongoing work on the Title V
permit, SCDHEC granted extensions of the operating
permits in 1998 and 1999 and of the construction
permits in 2000. Tbe extensions will be valid until the
new TttleV permit is issued. Of the 150 point
sources, 128 operated in some capacity during 2W2.
The remaining 22 either were under construction or
were Wing maintained in a “cold standby” status.

During 2002, SCD=C conducted compliance
inspections of 111 pemitted sources at SRS,
reviewing 151 permitted parameters.

Notices of Violation (CAA)

As a result of the annual compliance inspections, the
site achieved a complimce rate of 98 percent-and
received one NOV—under the CAA in 2002. Tbe
NOV. issued in November, followed a September
SCDHEC inspection citing SRS for failure to follow
a requirement to maintain a log of the magnitude,
times, and duration of startup and shutdown of the
B-Area Regulatory Monitoring and Bioassay
Laboratory fuel oil-tired water beaters. Immediate
actions were taken to prevent recurrence of this issue.

National Emission Standards
for Hazardous Air Pollutants

The National Emission Standards for Hazardous Air
Pollutants (NESHAP) is a CAA-implementing
regulation that sets air quality standards for air
emissions containing hazardous air pllutanta, such as
radionuclides, benzene, and asbstos. The current list

of 189 air pollutants includes all radionuclides as a
single item, Regulation of these pollutants has been
delegated to SCDHEC, however, EPA Region IV
continues to partially regulate radionuclidcx.

NESHAP Radionuclide Program Subpart H of
NESHAP was issued Decemhcr 15, 1989, after which
an evaluating of all air emission soumes was
perfomed to determine compliance status, DOE’s
Savannah River Operations OffLce(DOE-SR) and
EPA Region IV signed a Federal Facility Compliance
Agreement @CA) October 31, 1991, providing a
schedule to bring SRS’S emissions monitoring into
compliance with regulatory ~uirements. Tbe FFCA
was officially closed—and tbe site declined
compliant—by EPA Region IV May 10, 1995.

During 2002, the maximally exposed individual
effective dose equivalent, calculated using the
NESHAP-required CAP88 computer code, was
estimated to be 0.04 mrem [0.0004 mSv), which is
0.4 percent of the 10-mrem-per-year
(O.10-mSv-per-yew) EPA standard (chapter 5,
“Potential Radiation Doses”).

NESHAP Nonradionuclide Program SRS uses
many chemicals identified as toxic or hazardous air
pollutants, but most of these chemicals are not
regdated under the CAA or under federal NESHAP
regulations. Except for asbestos, SRS facilities and
operations do not fall into any of the “categories”
Iistcd in the suhp~s. Under Title III of the federal
Clean ALrAct Amendments (CAAA) of 1990, EFA in
December 1993 issued a final list of hazardous air
pOllutant-emittin8 snurce categories potentially
subject to maximum achievable control techno]08y
standards.

As a result of EPA failing to meet the original rule
development schedule, another CAA requirement,
known as the 112 (j) MACT Hammer Permit
Application, became effective 2 years after the
missed scheduled date. TKISrequired the submittal of
a twe-part permit application by facilities considered
“major” for hazardous air pollutants. Pm 1of tbe
application, submitted to SCDHEC May 14, 2002,
identified the maximum achievable control
technology (MACT) source categories that might be
applicable to those facilities. Also identified were
five source categories that may impact site facilities.

Pan 11of the application, originally due November
15,2002, would have required each facility to
identify the methods or control strategies h would use
to reduce applicable pollutant emission levels.
However, because of a December 2002 settlement
agreement it reached with an environmental watch
group, EPA bas proposed a new schedule for
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promulgating the final rules for the remaining MACT
source categories. This extends the development date
into August 2005, with additional MACT Hammer
provisions to take place 60 days after that date. The
rules with potential impact to SRS facilities are to be
promulgated by April 2004, with a compliance
deadline 3 years later.

In an attempt to regulate hazardous or toxic air
pollutants in South Cmlina, SCDHEC established
Air Pollution Control Regulation 6142.5, Standard
No. 8, “Toxic Air Pollutants,” in June 1991. To
demonstrate compliance with this standard, SRS
completed and submitted an air emissions inventory
and air dispersion modeling data for all site sources in
1993. The submitted data demonstrated compliance
by computer modeling the accumulated ambient
concentration of individual toxic air ~llutants at the
boundary line and comparing them to the Standard
No. 8 maximum allowable concentrations, To ensure
continued compliance with Standard No. 8, new
sources of tnxic air pollutants must be permitted. This
requires submittal of appropriate air permit
applications and air dispersion modeling. Sources
with emissions below a threshold of 1,000 pounds per
month of any single toxic air pnllutant may be
exempted from permitting requirements. During
2002, 10 snurces of toxic air pollutants either were
issued a construction permit or exempted from
Wrmitting requirements.

NESHAP Asbestos Abstement Program SRS
began an asbestosabatementprogram in 1988 and
continues to manage asbestos-containing material by
“best management practices.” Site compliance in
aabe.stosabatement, as well as demolitions, falls
under South Carnlina and fderal regulations,
includ]ng SCDHEC Regulation R.61-86. 1
(“Standards of Performance for Asbestos Projects”)
and 40 CFR 61, Subpti M (“National Emission
Standards for Asbestos”).

During 2002, SRS personnel removed and dtsposed
of m estimated 94 square feet and 1,563 linear feet of
regulated askstos -containing material. In addition,
contractors removed and disposed of an estimated
1,536 square feet and 38 linear feet of regulated
asbestos-containing material.

Rdlological asbestos waste was disposed of at the
SRS low-level burial ground, which is approved by
SCDHEC as a disposal site. Nonradiological asbestos
waate was disposed of at the Thrw Rivers Landfill,
Imated on site, or at SCDHEC-approved offsite
landfills.

Other CAA Requirements

Only a few of the major sectinns of the CAA and its ●
1990 amendmen~ and regulations have had+r are
expected to have—a significant impact on SRS
sources and facilities. These include Title V,
“Permits,” and Title VI, “Stratospheric Ozone
Protection.” The other regulations impacting SRS
facilities are implemented primarily in SCD=C
Regulation 61-62 and in existing operating or
constmction permits.

Title VOperating Permit Program Aspreviously
indicated, the CAAA of 1990 also include, under
Title V, a major new pmmitting section expected to
have a significant impact nn the site through
increased reporting and recordkeeping requirements.

SRS and SCD=C have ken developing the Title V
(Regulation 62.70, “Title V Operating Permit
Program”) operating air permit since 1996. The draft
air permit initially was sent out for public comment in
late 20f31.Two additional public comment periods
were held in 2002. SCDHEC is resolving the
comments it has rweivd to date. The Title V permit
for SRS will be issued in Febmmy 2003.

Ozone-Depletlng Substances Tide VIofthe
CAAA of 1990 addressesstratosphericozone
protection. This law requires that EPA establisha
number of regulations to phase out the production ●
and consumption of ozone-depleting substances
(ODSS).

Several sections of litle VI of the CAAA of 1990,
along with recently establishedEPA regulations
found in 40 CFR 82, apply to the site. The ODSS are
regulated in three genwal categories, as follows:

● Cla$s Isubstances -cblorofluoroc=bons
(CFCS), Halons, carbnn tetrachloride, methyl
cblornfomr, methyl bromide, and
hydrobromofluorocarbons (HDFCS)

● Class llsubstances -hydrochlornfluorocarbons
(HCFCS)

. Substitute substances

The “Savannah River Site Refrigerant Management
Plan,” completed and issued in September 1994,
provides guidance to assist SRS and DOE in the
phaseout of CFC refrigerants and equipment.

SRS has reduced CFC refrigerant usage more than 99
percent, based on 1993 data. The site used 450
pounds of CFC refrigerants in 2001 and reduced that
amount to 180 pounds in 2@2.

The SRS CAAA of 1990 Title V operating air permit ●
application includes ODS emission sources, All large
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(grwter than or equal to 50-~und charge) heating,
venfiiation, and air conditioning/chiller systems for
which there are recordkecping requirements are
included as fugitive emission sowces.

SRS is phasing out itx uw of HaIon as a result of the
DOE 1999 Pollution Prevention and Energy Efficient
Leadership Geal to eliminate use of Class 10DSS by
2010 “to the extent =onomically practicable.” A
Halon 1301 alternative study was completed by the
site’s tire prot=tion and systems engineering gToups
in 2~ to (1) recommend alternative fire suppression
agents to replace HaIon 1301 and (2) provide a
methnd for axsigning modification priorities to site
tire protmtion systems that use HaIon 1301.

Additionally, a Halon 1301 phaseout plan and
schedule is being developed by Fire Protection
Enginaring tn help meet DOE’s goal. The plan
includes an SRS HaIon 1301 tire suppmxsion system
inventory that identities systems in o~ration,
systems abandoned in place, and systems that have
been dismantled and taken to the DOE complex’s
HaIon repository, lecatd at SRS.

HaIon 1301 total inventory on site has
increased-from 75,089 pounds in 1995 to 102,285
pmmds in 2002. At the end of 2002, tbe site had an
inventory of 72,112 pounds of stord HaIon 1301,
including 16,669 pounds rweived from other DOE
sites dining 2002. In addition, 22,773 pounds are
contsined in tie 110 operating systems, and 7,4W
punds of Hdon 1301 are contsined in the S4
systems that have kn abandoned in place.

Air EmissionsInventory

SCDHEC Regulation 61-62.1, S=tion III
remissions Inventory”), requirex compilation of an
air emissions inventory for the pmpnse of lecating all
sources of air pollution and detining and
characterizing the vtious ty~ and amounts of
~llutarrts. To demonstrate compliance, SRS
personnel conducted the 1993 comprehensive air
emissions inventory.

The inventory identified approximately 5,300
radiological andnonmdiological airemissionsouwes.
Source operating datu and calculated emissions from
1990 were uxed to establish the SRS baseline
emissions and to provide daa for air dis~rxion
modeling. This modeling was rquired to demonsbate
sitewide compliance with Regulation 61-62.5,
Standard No. 2, “Ambient Alr Quality Standards,”
and Standard No. 8.

Regulation 61-62.1, Section III, requires that
inventory data be updated and recorded annually but

only reprted every even calendac year. Tbe
emissions inventory is updated each yenr in
accordance with SRS prwedures and guidelines.
Calendar year 2~ operating data for ~rmitted nnd
other significant murces were repmted to SCDHEC
in 2001. Because data collmtion for all SRS sources
begins in Janum’y and ~uires up to 6 months to
complete, WJSreport provides emissions data for
calendar year 2001. Compilation of 2002 data will be
completed in 2003 and reprted in the SRS
Environmental Report for 2003.

Toxic Substances Control Act

The Toxic Substances Control Act (TSCA) gives EPA
comprehensive authority to identify and control
chemical substances manufactured, impmted,
prwesscd, used, or disoibuted in commerce in the
United S@tes. Reprting and rccordkecping are
mandated for new chemicals and for my chemical
that may present a substantial risk of injmy to human
healti m the environment.

Polychlorinated blphenyls (PCBS) have &n @ in
various SRS prwesses, The use, storage, md dispnsal
of these organic chemicais are s~irically regulated
under 40CFR761, which is administered by EPA.
SRS hus a well-structured PCB program that
complies with tfds TSCA regulation, with DOE
orders, and with WSRC policies.

The site’s 2001 PCB dncument log was mmpleted in
full mmpliance with 40 CFR 761. Also, SRS’S re~rt
on 2001 PCB dlspsul activities
(ESH-FSS-2W2-00268) was prepared and
submitted to EPA Region 4. The disposal of
nonradioactive PCBS routinely generated at SRS is
conducted at EPA-approved facilities witiln the
regulatmy time frame. For many ftrrms of radioactive
PCf3 wastes, disposal capacity is not yet available,
and the wastes must remuin in long-tern storage.
Such waxtes are.held in TSCA-cempliant storage
facilities in accordance with 40 CFR 761. Site plm
call for the dispal of incinerable radioactive PCB
waates at the TSCA incinerator in Oak Ridge,
Tennesst%.

In 1993, PCBS were contimed to k present as a
component of dense nonaqumus phase Iiqoida in
samples from two groundwater monitoring wells
around the M-Area hazardous waxte management
facility. Regulators were notified, and a mdlfrcation
to tfre RCRA Part B Pemrit Application to address the
dlscoveV of PCBS was submitted to SCDHEC. Soil
and Grmmdwater Closure Projectx (formerly
Environmental Restoration Division) and SRTC
personnel continue to study ways to remediate the
dense nonaquemm phase liquids.
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In 1996 and subsequent yems, site personnel
discovered PCBS in certain painti surfaces and in
other salid forms within several facilities consncted
prior to TSCA. & such dlscavesies were made, SRS
worked with =A—as necess~-nn related TSCA
complimce issues. Cm’rent TSCA regulations
probiblt the use and distribution in commerce of these
forms of PCBS abnve spccitid cunccntrations. In
Deccmbcr 1999, however, EPA issued a propsed
mle to authori= the cnntinucd use of these forms of
PCBS. EPA still bas not issued a tinal rule.

Endangered Species Act

The Endangeti SWies Act of 1973, as amendd,
provides for the designation and protection of
wildlife, fish, and plants in dsnger of koming
extinct. The act sfso protects and conserves the
ecosystems on which such spcciee de~nd.

Several threatened and endangered species exist at
SRS. The site conducts research on the wd stork,
the rcd-=kaded wd~ker, the bald csgle, the
sbormnse s~mn, and the sm~th purple
coneflower. Pmgrsms designed to enhance the habitat
of such species are in place.

No tilological aasessmmsts and/or biological
evaluations were prepared for ~PA dacumenra for
new projects at SRS in 2002. However, to ensure the
protection of threstend and endangered s~ies,
biological kscssmenw and biological
evaluations—wh[ch are wuired under NEPA-were
conducted by the U.S. Depmrment of Agriculture
Forest Scrvim-savannsh Rivm (USFS-SR) to
evaluate potential impacts of forestry related
activities.

None of tbew activitiw wss found to have had any
significmt potmtial impact on threatened and
endangered spwies.

The biological as~ssment for the river water system
shutdown EIS concluded in 1996 that the prnposed
action could aff.%t the bald csgle, the alligator, and
the wood stork. Consultations involving SRS and the
U.S. Fish md Wildlife Smiw (USFWS) ~uircd the
site to perfmm studies on the bald eagle. The studies
were completed in 1999, and a repmi of the findings
was issued in Janusry 2002. Of the contaminants
examined in the rewrt, only mercury was found to
~se a Wtentially significant effect to fish-eating
birds, such ss bald eagles, that fd in SRS reservoirs.
USFWS and the South Carolina Depsstment of
Natwal Rewurces pcrsomiel continue to review the
repmt.

National Historic Preservation Act

The National Historic Presemation Act (NHPA) of
1966, Section 106, governs the protection and o

preservation of archaeological and historical
resources. SRS ensure that it is in compliance with
this act through the site-use process. All sites being
considered for activities such as construction We
evaluated by the University of South Csrolina’s
Savmamb River Archaeological Research Program
(SRARP) group to ensure that archaeological or
historic sites are not impacted.

SRARP Wrsonnel reviewed 66 site-use packages and
surveyed 764 acres in suppQrt of SRS project
activities during 2002. Most of the site-use packages
were found to have no activities of significant impact
in terms of the NHPA, but eight of them resulted in
sm’veysWing conducted because of the patcntial for
lmd alteration in 2002. SRARP personnel also
susveyed 1,473 acrm during 2CN32in supprt of onsite
forestry activities.

The surveys of all 2,237 of &ese acres resulted in the
investigations of 67 new srchaccdogical sit- and in
revisits to 30 previously recorded sites for cultural
resources management.

Floodplain and Wetlands

Under DOE Oeneral Provisions, 10 CFR, Pmt 1022 ●
CCOmplimce with FlOadplainWetlands
Environmental Review Rcquirementa”), establish
~licies and procedures for implementing the
dep-ent’s rmpmssibiIities in terms of compliance
with Executive Orders 11988 (“Flucdplain
Management”) and 11990 (“Prottiion of Wetlands”).
No flandplain or wetland assessments were
conducted at SRS dining 2M2.

Executive Orders 11988,
“Floodplain Management,”
and 11990, “Proteetlon of Wetlands”

Executive Order 11988, “Flotiplain Management,”
was established to avoid long- and short-term impacts
associated with the occupancy and mcditication of
floodplains. The evaluation of impacts to SRS
floodplains is ensnicd through the NEPA Evaluation
Checklist and the site-use system.

Executive Order 11990, “Protection of Wetlands,”
was establish to mitigate adverse impacts to
wetlands caused by the destruction and mdltication
of wetlands and to avoid new constmction in
wetlands wherever passible. Avoidance of impact to
SRS wetlands is ensured through the site-use prnccss,
vsrious departmental procedures and chccklis@, and
project reviews by the SRS Wetlands Task Choup. ●
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Envi?onnrenta~ Compliance

Environmental Release

e
Response and Reporting

Response to Unplanned Releases

Environmental Monitoring and Analysis @MA,
formerly the Environmental Monitoring Section)
personnel respond to unplanned environmental
rcleaacs-hoti radiological and
nomadlological—upon rquest by area operations
~rsnnnel, No unplanned environment releases that
wcmcd at SRS in 2002 required the sampling and
analysis services of EMA.

Occurrences Reported
to Regulatory Agencies

“FcdcraRy permitted” reJcasea comply with legally
enforceable licenses, pcrmita, regulations, or orders.

If a nonpcrmittd relcaae to the environment of a
reportable quantity (RQ) or more of a hazardous
substan= (includlng radionuclides) wcura, CERCLA
rcquirea notification of the National Response Center.
Alae, the CWA requires that the National Response
Center bc notified if an oil spill causes a “sheen” on
navigable watcra, such as rivers, I&ea, or sbeams.

o

Oil spill reWrting was reinforcd with Iiabllity
provisions in CERCLA’S National Contingency Plan.

SRS had no CERCLA-reportable relcaaea in 2002.
This pefiomance compms with no such relensca
re~rted dining 2~ and 2001, one release in 1999,
and one dining 1998.

Two notifications-not required by CERCLA—were
made by the site terregulatory agencies during 2002.
Both were the result of an agreement to notify
SCDHEC about sewage and petroleum prnduct
releases.

EPCRA (40 CFR 355.40) requires that reportable
releasea of extremely hazardous substances or
CERCLA hazardous substances be reported to any
lmal emergency planning committees and state
emergency respnse commissions likely tO bC
affected by the release. No EPCRA-reponable
relmses occmed in 2W2.

S!te Item Reportability and issues
Management Program

The Site Item Reportabilityy and Issues Management
(SfRIM) program, mandated by DOE Order 232.1A,
“Occumence ReWrting and Prmessing of Operations

o
Information,” is designed to”. establisb a system
for repnrting of operations information fclated to
DOE-owned or operated facilities ati processingof

that information to provide for appropriate corrective
action... .“ It is the intent of the order that DOE he
“. . . kept fully and cm’rently informed of all events
which could. (1) aff=t the health and safety of the
publi~ (2) seriously impact the intended p~se of
DOE facilities (3) have a noticeable adverae effect
on the environment or (4) endanger the health and
safety of workers.”

Of the 253 SIRfM-repofiable events in 2002, none
waa categorized as environmental.

Assessments/Inspections

The SRS environmental program is overseen by a
number of organizations, both outaide and within the’
DOE complex. In 2002, the WSRC rmviroamentaI
appraisal program Consisted of self and independent
ass=menta, It ensures the recognition of notewotiy
practices, the identification of performance
deficiencies, and the initiation and hacking of
associated co~ective actions until they are
satisfactorily completed. The primary objwtives of
the WSRC assessment pmgam are to ensure
complianm witi regulato~ rcquirementa and to
foster continuous improvement. The program is an
inte~al part of the site’s Integrated Safety
Management System and suppmta the SRS
Environmental Management System, which continues
to be certified tn the standards of International
Organization for Standardization (1S0) 14WI. (1S0
14CO0is a family of voluntary environmental
management standards and guidelines.)

WSRC conducted nine envirmunental progmm-level
asaessmenta in 20C12.These topics included

●

✎

✎

✎

✎

✎

●

✎

✎

management of fluorescent Iampa as universal
wrote .

ozone depleting substances

radionuclide NESHAP program

NPDES industrial stotmwater progmm

haardous waate management

EPCRA 313 toxic rel~se inventory

subcontract Iahnratory quality assurancdquality
control programs

radiological ~rformance objectives 2.3 and 2.10

semiannual assessments of domestic water
systems

During 2W2, personnel from DOE-SRS
Environmental Quality and Management Division
again performed dirwt oversight and evaluation of
WSRC’a self-assmment program. Completi DOE
assessments have met with positive resulw, routine
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Chapter2

a.sscasments have promotd improvement and helped
ensure the adequacy of envimmental programs and
operations at SRS.

SCD=C and EPA also provide extcmal ins~tions
of the SRS environmental pmgrnm for regulatory
compliance. Agency rcprcsentativca pctiomed nine
comprehensive compliance inspections in 2W2, as
follows:

. RCRA Compliance Eva[ution Inspection - The
annual compliance evaluation ins~tion is an
unannounti audit hy SCD~ andior EPA.
SCDHEC conductd the 2002 ins~tion for
compliance with sulid and harardous waste
management regulation. No deficiencies were
noted during the entire audit.

● Annual Air Compliace lmpection - SCDHEC
cunductcd the annul air compliance irmpection
of SRS. In general, the site was found to bc in
mmpliancc.

● Annual Uruferground Storage Tank Inspection -
SCDHEC inapectcd the site’s 19 underground
storage tauks. All were found to k in
compliance with the appropriate rcgrdatiom.

● Armwl NPDES 3560 Camplience Audit-
SCDHEC conducted the aanud 3560
environmental audit of the site’s
NPD~-permitted outfalls. Overall, SRS
rcccivcd a satisfactory rating for tIda audit.

● Qoarterly Inspections ofSRS Bottled Water
Facifi& - SCD~C conducted quarterly
ins~tiom of the SRS Bottled Water Facility.
Overafl, the results of these inspections were
favorable.

● SRS Domestic Water tiorotory Certificntbn
Audit - SCDW conducted an evaluation of
SRS’S Domestic Water bbratory for the
p~~ of renewing the 3-year certificate the
laboratory holds to perform colifom aaalyse
that are routinely reported to SCDHF,C for
compliance pu~ses. The certificate was
reissued.

● Burma Road tindfill Inspection - SCDHEC
conducted the annual inspection of the Bums
Road constriction and demolition landfill. The
site waa found to be satisfactory.

. Gmundwaier Comprehensive Monitoring
Evaluation - SCDHEC conducted an

unannounced RCRA ins~tion of SRS’S
groundwater program. No deficiencies or pcmit
violation were cited. ●

. NPDES Unscheduled Compliance Sampling
Inspection – SCDHSC wrfonncd an
unscheduled NPDES compliance sampling
inspection at SRS in September. During the
inspection, a pH exceedance caused by leakage
from groundwater well 905-18 was dismvercd.
The well was shut down immediately upon
dlscove~ of the problem.

Environmental Permits

SRS had 590 construction and o~rating pemits in
2002 that apccitied operating levels for mch
pcnnittcd source. Table 2-3 summarir.cs the pemits
held by the site during the past 5 years. These
numbecs ceflect only permits obtained by WSRC for
itself and for other SRS contractors that requested
assistance in obtaining permits. It alsu should be
noted that these numkrs include some permits that
were voided nr closed sometime during tbe calenti
year (2002).

Environmental Training

The site’s environmental training program identifies
training activities to teach job-s~itic skills that
pmtwt the employee and the environment while
satis~lng regulatory haining rcquiments. Regularly o

scheduled clmses in tfds program at SRS incltie the
Environmental Laws and Regulation Overview and
the Environmental Compliance Authority Modules
courses.

Facility Decommissioning

WItbthe rapidly declining n~ for a large nucla
weapnns stwkpile, many SRS facifitiea no longer
prnduce or prucess nuclear materials. They have
&ome surplus and must ~ dispsitioned safely and
economical y. Many of them are lage and complex
and contain materials that, if improperly bandied or
stored, could be h=dous. SRS faces a major task in
the cleanup, reuse, safe storage, and demolition of
these facilities. Tbe Facilities Decommissioning
Division (now the Facilities Disposition Projmts) was
established in 1996 to meet this challenge. In 2W2,
SRS began exteusive dccomissioning activities in
D-Area, M-Area, and TNX.
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Entimnmerrtal Compliance

Table 2-3
SRS Construction and Operating Permits, 1998-2002

Type of permit Number of Permits

1998 1999 2000 2001 2002

Ah 202 200 199 172 150

U.S. Army Corps of Enginesrs 404 1 0 0 0 Q

Army Corps of Engineere Nationwide Parmit 6 4 1 5 5

Domestic Water 124 203 203 203 203

IndustrialWastewater 83 86 77 70 66

NPDES-Discharge 1 1 1 1 ,1

NPDES-General Utility 1 1 1 0 0

NPDES-NO Discharge 1 1 1 1 1

NPDES-Stormwater 2 2 2 2 2

RCRA 1 1 1 1 1

Sanitary Wastewater 139 141 133 133 133

SCDHEC 401 2 1 1 1 0

SCDHEC Navigable Walers 4 0 0 1 1

Solid Waste 5 5 5 4 2

UndergroundInjectionControl 31 18 23 20 18

Underground Storage Tanks 24 20 7a 7 7

Totals 697 664 655 821 590

a ~s numbarwasrsvisadto reflsctthe actuslnumkr of permitsthatincfudsdmquirsmenWfor20 undergroundstorage
tsnks.

.

Editors’ note The “EnvironmentalCompfiancs”chapter is uniquein hat “b number of mntributingauthorsia
far greaterthan the numbarfor eny otherchapter in this report.SpaceAayoutconstraintsprevent us from listing
allof them on the chapter’sfirstpage, so we tistthem here instead.Their contributions,along withthose of the
repofl$ other authors, continueto play a criticalrole in helpingus produce a qualitydocument-and are very
much appreciated.

Ronald Beul, CBU Linda Karapatakis, ESS Hal Morris, OBU

Paul Carroll, ESS Bruce Lewrence, ESS Vernon Osteen, ESS

Carl Cook, ESS Linn Liies, ESS Donald Padgen, ESS

Natafie Ferguson, OBU Jeff Lintern, ESS Paul Rowan, ESS

Pate Fledderman, ESS Nancy Lowry, ESS Stuati Stinson, ESS

Chuck Hayes, CBU Lynn Martin, OSU M!chele W!lson, ESS
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Chapter 3

Effluent Monitoring
Pete Fledderman, Donald Padgatt, and Monte Steedley
Env/ronrrrerrta/ Servjces Section

Timothy Jannik
Savannah River Technology Center

E
~UE~ monitoring at Savannah River Site
(SRS) is conducted to demonstrate compliance
with applicable standards and regulations. Site

effluent monitoring activities are divided into
radiological and nonradiological programs. A
complete description of sampling and analytical
procedures used for effluent monitoring by the
Environmental Monitoring and Analysis group
(formerly the Environmental Monitoring Section) of
the site’s Environmental Services Section (formerly
the Environmental Protection Department) can be
found in sections 1101-1111 (SRS EM Program) of
tbe Savannah River Site Environmental Monitoring
Section Plans and Procedures, WSRC-3Q1-2,
Volume 1. A summary of data resultsis presentedin

9

this chapten more complete data can be found in
tables on the CD included with this report.

Radiological Monitoring

Radiological effluent monitoring results are a major
component in determining compliance with
applicable dose standards. Savannah River Site (SRS)
management philosophy ensu~s that potential
exposures to members of tbe public and to onsite
workers arekept as far below regulatory standards as
is reasonably achievable. This philosophy is known
as the “as low as reasonably achievable” (MARA)
concept.

SRS airborne and liquid effluents that potentially
contain radionuclides are monitored at their points of
discharge by a combination of direct measurement
and/or sample extraction and analysis. Each operating
facility maintains ownership of and is responsible for
its radiological effluents.

Unspecified alpha and beta emissions (the measured
gross activity minus the identified individual
radionuclides) inairborne andliquid releases are
large contributors-on a ~rcentage basis—to offsite
doses, espaially for the airborne pathway from

@
diffuse and fugitive releases. Because some (if not
most) of these emissions Me from naturally occuming
mdionuclides, these emissions are accounted for

separately from actual strontium-90 and
plutonium-239 emissions. Therefore, releases of
unspecified alpha emissions and nonvolatile beta
emissions are listed separate] y in the source term.
Prior to 2000, these emissions were included in
plutonium-239 and s@ontium-89,90 releases. For
dose calculations, tbe unspecified alpha releases were
assigned tbe plutonium-239 dose factor, and the
unspecified nonvolatile beta releases were assigned
the srrontium-90 dose factor (chapter 5, “Potential
Radiation Doses”).

Airborne Emissions

Process area stacksthat release or have the potential
to releaseradioactive materials we monitored
continuouslyby applicable online monitoring andfor
sampling systems[SRS EM Program, 2001].

Depending on the processes involved, discharge
stacks also may be monitored with “real-time”
instrumentation to determine instantaneous and
cumulative atmospheric releases to the envirmunent.
Tritium is one of the radionuclides monitored witi
continuous real-time instrumentation.

The fnllowing effluent sampling and monitoring
changes were made during 2002:

. Air effluent sampling at the K-Area disassembly
basin stacks was discontinued at tbe end of
October, following dewatering of the facility.

. Alr effluent sampling at 232-H (lines 1 and 2
stack and line 3 stack) was d[scontimmd in
October, with regulatory approval, because
releases at this location have been extmmel y 10w
during the past several years.

Diffuse and Fugitive Sources

Estimates of radionuclide releases from unmonitored
diffuse and fugitive sources also are includd in the
SRS radioactive release totals. A diffuse source is
defined as an area source. A fugitive source is
defined as an und~igncd localized source.

Diffuse and fugitive releases are calculated using the
U.S. Environmental Protection Agency’s (EPA’s)
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Figure S-1 Ten-Year History of SRS Annual Atmospheric Tritium Releases

recommended methods. Because these methods ure
conservative, they generally lead to overestimates of
actual emissions.

Monitoring Results

The total amount of radioactive material released to
the environment is quantified by using dats obtained
from continuously monitored airborne effluent
releases points and estimates of diffuse and fugitive
sources in conjunction with calculated release
estimates of unmonitored radionuclides from the
separations areas.

The unmonitored radionuclides in the separations
areas are fission pruduct tritium, carbon- 14, and
kryQtOn-85.These radionuclides cannot be measured
readily in tbe effluent streams; therefore, the values
are calculated on an annual basis and are based on
production levels.

Baause of decreased operations in H-Canyon, the
amount of krypton-85 estimated to have been
released by the site decreased 51 percent—from
64,700 Ci in 2001 to 3 I,5W in 2002. This accounted
for 40 percent of the total radioactivity relesscd to the
atmosphere from SRS operations,

Trifium Tritium in elemental and oxide fores
accounted for 60 percent of tbe total radioactivity
released to the atmosphere from SRS operations.
During 2~2, about 47,3ofl Ci of tritium were
released from SRS, compmed to about 47,400 Cl in
2001.

Because of improvements in facilities, processes, and
operations, and because of changes in the site’s
missions, the amount of tritium (and other
atmospheric radionucl ides) released has been reduced
throughout the history of SRS. In recent years,
because of changes in the site’s missions and the
existence of the Replacement Tritium Facility, the
total amount of tritium released has fluctuated but has
remained less than lW,000 Ci per year (figure 3-l).

Comparison of Aversge Concentrations in
Airborne Emissions to DOE Derived
Concentrstlon Guides Average concentrationsof
radlonuclidesin airborne emissions are calculated by
dividing the yearly release total of each radionuclide
from each stack by the yearly stack flow quantities.
These average concentrations then can he compared
to the DOE derived concentration guides (DCGS) in
DOE Order 5400.5, “Radiation Protection of the
Public and the Environment,” as a screening method
to determine if existing efRuent treatment systems are
proper and effective. The 2W2 atmospheric effluent
annual-average concentrations, their compmisans
against the DOE DCGS, and the quantities of
radlonuclides released are provided, by discharge
point, on the CD accompanying this report.

DCGS are used as reference concentrations for
conducting environmental protection programs at all
DOE sites. DCGS are applicable at the Wint of
discharge (prior to dilution m dispersion) under e
conditions of continuous exwsure.
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Etiluent Monitoring

Most of the SRS radiological stack~facilities release

@

small qumtitics of radionuclides at concentration
below the DOE DCGS. However, certain
mdionuclides—tritium (in the oxide fomr) from the
reactor facilities and tie tritium facilities,
plutonium-239 from the 291-F stack, and
plutonium-238 and plutonium-239 from the 221-S
stack-were emitted at concentration levels abnve the
DCGS. Because of the extreme difficulty involved in
removing tritium and because of cument facility
designs, site missions, and operational considerations,
this situation is unavoidable. The offsite dnse
consequences from all atmospheric releases during
2W2, however, remained well below the DOE and
EPA annual atmospheric pathway dose standard of
10 mrem (O.1 mSv) (chapter 5).

~quid Discharges

Each process area liquid effluent discharge pint that
relcaaes or has pntentiaI to release radioactive
rnatcrials is sampled routinely and amlyzed for
radioactivity [SRS EM Progam, 2C011.

Depcnd]ng on tie prnceases involved, liquid effluents
also may bc monitored with real-time instmmentation
to ensure that iastmrtanmus releases stay witbin

●
established Iimita. Because the instruments have
limited detwtinn sensitivity, ordine mnnitnting
systems are not used to quantify SRS liquid
radioactive releaaes at their cument [ow levels.

MonltorlngResults

Data fmm continuomly monitored liquid effluent
discharge points are used in conjunction with site
seepage basin and Solid Waste Dis~al Facility
migration release estimates to quantifi the total
radioactive material released to the Savannah River
from SRS o~rations. SRS liquid radioactive releases
for 2W2 are shown by source on the CD
accompanying tlds reprt. These data are a major
component in the determination of offsite dose
consequences from SRS operations.

Direct Discharges of Liquid Effluents Dwect
discharges of liquid effluents are quantified at the
point of release to the raeiving stream, prior to
d!lution by the stream. The release totals we based on
measured concennations and flow ratm.

Tritium accounts for nearly all the radioactivity
discharged in SRS liquid effluents. The total amount
of rritium releaaed dlrcctly from process areas (i.e.,

●
reactor, separations, EfOuent Treatment Facility) to
site streams during 2m was 1.140 CL,which was 35
percent lessthan the 2001 total of 1,748 Ci.

Direct releases of tritium to site streams for tie years
1993-2W are shown in figure 3-2. The migration
and transpmt of mdionuclides from site seepage
basins and the Solid Waste Dis~sal Facility is
discussed in chapter 4 URadiological Environmental
Smeillmrce”).

Comparison of Aversge Concentrstlons In Liquid
Releases to DOE Dsrived Concentration
Guides In addition to dose standurds, DOE
Order 5400.5 imposes other contrnl considerations on
liquid relascs. These considerations are applicable to
direct discharges but not to seepage basin ati Solid
Waste DIspsal Facility migration dlscbarges. The
DOE order lists DCG values for most radion~clidfi.,

DCGs are applicable at the point of discharge fmrn
the effluent conduit to the environment (prior to
dilution or dispersion). According to DOE
Order 5400.5, exceedance of the DCGs at any
dlscbarge point may require an investigation of “bst
avaiIabIe t=hnology” wa.stc treatment for the liquid
effluents. Tritium in liquid effluents is s~ifically
excluded from “best available tihnology”
rcquirementx; however, it is not excluded from other
ALARA considerations. DOE DCG compliance is
demnnstratsd when the smn of the fractional DCG
valuea for all mdionuclides detectable in the effluent
is Icas than 1.@, based nn consecutive
12-month-average concentrations. The 2002 Iiquid
effluent mmual-averuge concentrations, their
Commaena against the DOE DCGS, aad the
quantitica of radionuclides released are provided, by
diwharge peint, on the CD accompanying his reWfi.

The data show that the U3R-2A ETF outfall at the
Road C discharge point excecdcd the DCG guide for
12-month-average tritium concentrations during
2W2. However, m noted previously, fJCIE
Order 54M.5 s~ifically exempts mitimn frnm “bst
available mhnology” waste treatment investigation
requirements. This is bccauas there is no practical
twhnology available fnr removing tritium from dilute
liquid waste streams. No other dlschnrge points
excticd the DOE DCGS daring 2002.

Nonradiological Monitoring

Airborne Emissions

The South Carnlina Department of Health and
Environment Conmol (SCD=C) regulates
nomadioactive air emissions-boti criteria pollutants
and toxic air ~llutanta-from SRS sources. Each
source of air emissions is permitted or exempted by
SCDHEC, with spccitic limitations and monitoring

rcquiremen~ identifi~. The bmes fOr the limi~tiOns
and monitoring requirements we outlined in various
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Figure 3-2 Ten-Year fiistory of Direct Releases of Trltium to SRS Streama

Operations et D-Area and TNX were discontinuedin 2000 and 2001, respactffely. Releasea from A-Area and ●
the reactor areas represent only a small percentage of the total direct relesses of tritiumto site streams. The
reactor area releases include the overflows from PAR Pond and L Lake.

South Carolina and federal air ~llution conti-ol
regulations md standards. Many of the applicable
standards me source dependent, i.e., applicable to
cetiin type?.of industry, preccsses, or equipmenL
However, some standards govern all sources for
criteria and tnxic air pollutants and ambient au
qusfity. Alr pnllution control regrdstions and
standards applicable to SRS sources are discwsed
briefly in appcndlx A, “Applicable Guidelines,
Smndards, and Regulations The SCD=C ati
standards for toxic air pllutants can k found at
http://www.scdhm.ne~aq on the Internet.

At SRS, there are 150 pemritted/exempted
nomadlological air emission sources, 128 of whtch
were in operation in some capacity during 2002. Tbe
remaining 22 sources either were king maintained in
a “cold standby” s~tus or were under constmction.

Description of Monitoring Program

Major nonradiological emissions of concern from
stacks at SRS facilities include sulfur dioxide, carbon
monoxide, oxides of nitrogen, particulate matter

smaller than 10 rnicmns, volatile organic compounds
(VOCS), and toxic air pollutants. Only the most
significmt monitoring rquiremcats are discussed
klow.

The most significant method of source monitoring at
SRS is the annual air emissions inventory. Emissions
from SRS mumes are determined during an annual
emissions inventmy from standard calculations using
seurcc operating pwameters. Many of the preccss=
at SRS, however, are unique soumes requiring
nonstandard, complex calculations. The hourly and
total annual emissions for each source then can bc
compard against their rcs~tive permit limitations.

At the SRS powerhouses, stack compliance tests are
performed every 2 years for each boiler hy airborne
emission spwialists under contract to SRS.

Sulfur content and BTU output we ussd to calculate
sulfur dioxide emissions. SCD=C also conducts
visible-emissions observations during the tests to
verify compliance witi opacity standards. The
day-to-day control of particulate matter smaller than c
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10 microns is demonstrated by opacity meters in all
SRS powerhouse stacks,

For tie package steam generating buoers in K-Area,
compliance with sulfur dioxide standards is
determined by analysis of the fuel oil purchased from
tie offsite vendor. Tbe percent of sulfur in the fuel oil
must bc below 0.5 and is repmtd to SCDHEC each
qmuter.

Monitoring of SRS diesel-powered equipment
consists of tracking fuel oil consumption as the basis
for determining pmmit compliance.

SRS bar several sources of toxic air pollutants;
however, there are no s~itic monitoring
requirements in their resptive permits. Bwause
some toxic air pollubmt.r dso are regukdcd m VOCs,
some SRS souccs (soil vapor extraction units arrd air
strippers) we required to be monitored hy calculating
and repmting VOC emissions on a quarterly basis.

Compliance by all SRS pemitted snwcea is
detennind dining annual compliance inspections by
the local SCDHEC district air manager.

Compliance by all toxic air fxdlutant and cciteria
pollutant sources also is determind by using U.S.
Environmental Pmtwtion Agency (EPA)-approved
air dispersion mcdels. The Industrial Source Complex
Version No. 3 model was used to prdlct maximum
grnund-level concenmations occurring at or beyond
the site bundary for new r.oarces petmitted in 2002.

Monitoring Results

In 2W2, operating data were compiled and emissions
calculated for 2001 operations for all site air emission
sources. Bwause dds process, which begins in
Janu~, requires up to 6 months to complete, this
report will provide a comprehensive examination of
total 2001 emissions, with only limited discussion of
available 2002 monitoring results for s~itic
soafces.

The 2M1 total criteria and toxic air pollutant
emissions results for all SRS sources, as detemincd
by the 2002 air emissions inventory, are provided in
table 3-1 and on tbe CD accompanying this re~rt. A
review of the calculated emissions for each source for
calendar year 2001 detemined that SRS sources bad
opmtcd in compliance with pemitted emission rates.
Actual 2002 emissions will k compiled and repofied
in depth in the SRS Environmental Report for 2003.
Some toxic air pathI@nts (e.g., trenzem) regulated by
SCD=C also are, by nature, VOCS. As such, the
tobd for VOCS in table 3-1 includes toxic air
pollutant emissions. This table also includes the
emissions for some hazardous air pollutants that are

Table 3-1
2001 Criteria Pollutant Air Emissions

Pollutant Name Actusi Emissionsn
(TonarVasr)

Sulfur dioxide 5.37E+02
Total suspended paticuiates 5.64E+02
PM,O (patiiulate matter 10 microns) 1.96E+02
Carbon monoxide 4.58E+03
Ozone (voiatile organic compounds) 1.54E+02
Gaseous fluorides(as hydrogen fluoride) 1:67E-01
Nitrogen dioxide 3.67E+02
Lead 7.95E-02

a FrntnallSRS sources(pennltIadandnonpennittti)

reg~atd under the Cltin AIr Act but not by
SCD=C Standard No. 8. These pollutants are
included bwausc they are compunds of some
S@ndard No. 8 pollutins.

Two power plants with five overfeed stoker-fed
coal-fired tmilers are operated by Westinghouse
Savanmh River Company (WSRC) at SRS. The
location, number of tillers, and capacity of each
bniler for these plants am listed in table 3-2. B~ause
of an alternating test schedule, only A-Area boiler
No. 1 was stack tested in 2002. Test results, shown in
table 3-3, indicated the tiler was ti]ng o~rated in
compliance with permitted emission rates.

SRS also has two package stcm generating beilers in
K-Area tired by No. 2 fuel oil. The percent of sulfar
in the fuel oil burned during the yW W= certified by
the vendor to meet the requirements of the pcmit.

At SRS, 97 pmittcd and exempted sources, bnth
ponable and stationary, are pwered by internal
combustion diesel engines. These scauces include
pomble air compressors, diesel generators,
emergency cooling water pumps, and fire watw
pumps. During the 2002 compliance inspections, to@l
fuel oil consumption and opacity for all ins~ted
diesel engines were found to be in compliance.

Tabie 3-2
SRS Power Plant Boiler Cspaclties

Number of Capacity
Location Boilers (’dTUrlrr)

A.Area 2 71 .7E+06
H-Area 3 71,1E+06
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Table S-S
Boiler Stack Teat Results (A-Area)

Boiler Pollutant Emission Rates

lb/l@ BTU lb~r

A 82 Pariimrlatasa 0.56 51.91
Sulfur dioxides ~Cb N~b

a me wmm!anceIsvelis0.6 lMmillinnBTUforPaticu-
Iatasand3.5 l~milfiin BTUforsulfurdioxide.

b Notmlculated

Another significant source of criteria pnllutant
emissions at SRS is the controlled bwing of
vegeation ad under~owth by the U.S. Department
of Agriculture Forest Service-Savannah River
~SFS-3R) as a meana of preventing .nconmlle.d
forest frees. USFS-3R pemennel bmncd only 4,505
acres across rbe site ducing 2002 because of drought
conditions. This rmmber contrasts with the 17,711
ccm.sburned in 2001.

Tbi~tbrsc of the SRS permitted sources are
prmittd fur toxic air ~llutanta; 19 of these were
operad duting 2002. Seversl of the @xic sir
pullutsnt sOumes-5~ificSlly, tbe soil vapur
extraction and air strippr units-have pmmit
conditions rquiring the calculation of the running
total amual VOC emissions, which are to be
calculated and reWrted to SCDHEC qumterly. As
repnrted to SCDHEC during 2002, the calculated
annual VOC emissions were detmnrined to be well
hclow tie permit limit fur each unit.

Ambient Air Quality

Und~ existing regulations, SRS is not required to
conduct onsite monitoring for ambient air qualit y;
however, the site is required to show compliance with
various air quality standards. To accomplish WIS,air
dispersion mudeling was conducted during 2002 fur
new emission souxes or mdlfied sou~es as pmt of
the sources’ constmction permitting prccess. The
mudeling analysis showed that SRS air emission
sources wae in compliance with applicable
regulations.

Liquid Discharges

Descriptionof MonitoringProgram

SRS monitors nonradioactive liquid discharges to
smface waters rhrough rbe National Pollutant
Discharge Elimination System (NPDES), as
mandated by the Clean Water Act. As required by

EPA and SCDHEC, SRS has NPDES permits in place
for discharges to the waters of tbe United States and
South Carulina. These permiu establish the specific ●
sites to be monitored, pmameters to b tested, and
monitoring frequency-as well as analytical,
reporting, and collection methuds. Detailed
requirements for each ~nnitted dischmge point can
& found in tbe individual permits, which nre
available to the public through SCDHEC’S Freedom
of Information office at (g03) 734-5376.

In 2~, SRS discharged water into site str=ms and
the Savannah River under two ~DES pemits: one
for industrial wastewater (SC~175) and one for
stormwater tunoff-SCR_ (industrial discharge).
Permit SCOOO0175regulated 31 industrial wa.stewater
outfalls in 2002. Permit SCR lm does not require
sampling unless rquestti by SCDHEC to address
specific dlscbarge issues at a given consbuction sib,
SCDHEC did not request such sampling in 2W2.
Permit W72125 is a “no discharge” water
pollution control land application Wrmit that
regulates sludge application and related sampling at
onsite sanimry wastewater treatment facilities.

NPDES samples are collated in the field according
to 40 CFR 136, the fdaaf ducument that lists
spific S~Ple collection, pr~ervation, and
analytical methcds acceptable for the@ of
pollutant to he analyzed. Chain-of-custody
prdures are followed after collection and during

●
transpmt to the analytical laboratory. The samplca
then are amepted by the laboratory and analyzed
amrdlng to procedures listed in 40 CFR 136 for the
parameters required by tie pemit.

Monitoring Results

SRS rcrmm analytical resulG to SCDHEC through a
monthly discharge monitoring re~rt (EPA Form
3320-1).

Twenty-eight of the31 outfalls permitted by
SC~175 in 2002 discharged. Results from only 10
of the 5,401 sample and yses perfo~ed dm’ing the
year exc~ed permi~limits. A list of the 2W2
NPDES excecdances appears in table 3-4. SRS
achlevd a 99.8-percent compliance rate-htgber
than the DOE-mandated 98-prcent rate.

The 2002 excecdance total of 10 represents a
decrense from the 24 exceedances of 2W 1.

SRS received approval from EPA and SCDHEC in
2001 to use Daphnia ambigua as the species for
chronic-toxicity t=ting. It waa anticipated that this

aPPrOval would allow tbe site to “se ~tb
Ceriodaphnia dubia and Daphnia ambigua as test
species; however, only Daphniu ambigrra was ●
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aPPrOvSd.As a result, SRS filed an appeal with

● SCDHEC in October 2C01. The appeal was dismissed
in May 20u2, and the site began using Daphnia
ambiguu in June 2(X)2.

One hundredpercent of the required stormwater
discharge samples were collected and analyzed
during 2002, This included an adverseclimatic

condition waiver for outfall E-01. SCDHEC has not
mandated pmmit limits for stormwater outfalls.

During the first and third quarters of 2002, dewatered
sludge was sampled and analyzed for pllutants of
concern, and approximate y 70 cubic yards of sludge
was applied to the land. No sludge was applied
dm’ing the second and fomth quarters. The analytical
results indicated that pollutant concentiationa were
witldn regulatory limits.

Table 2-f
2002 Exceedancea of SCDHEC.issued NPDES Permit Liquid Oiacharge Limits at SRS

Page 1 of 1

DeparfmenU
Divialon Outfall Date Anelyais Possible Cause ,Corrective Acfion

FSS/LSD/LOS A-01

FSSASDLOS A-iJl

FSS/LSD/LOS A-01

ERD A–11

●
ERD

SUD

A-II

H-o8

SWD H-1 6

ERD A-1 1

DPD H-02

HLW H-o?

Jan. 14 C–rox

March 8 C--rox

April6 GTOX

Feb. 4 &TOX

March 8 C-TOX

Jan. 31 PH

APril 22 pH

June 3 GTOX

August 22 TSS

Sept. 23 pH

Key: C-TOX - Chronic foxia”ty
TSS - Total suspended sorids

Test organism inappfop~
ate for discharge water

Test organism inappropr-
iatefor dischargewater

Test organism inappropri-
ate for discharge water

Test organiam inappropri-
ate for Wharge water

Test organism inappropri-
ate for dischargewater

Unknown

Unknown

Incomplete thirrJbrood
duting lab analysie

Ruptured domestic
water line

Use of alternate species
approved but under appeal

Use of altemata apacies
approved but under appeal

Uae of alternate species
approved but undar eppeal

Use of alternate species
approved but under appeal

Usa of alternate species
approved but under appeal

Resample@ in mmplianca

Reaample& in compliance

None required

Line repaired

Leakage from precess well We!l valve repaired
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Environmental Surveillance
Pete Fledderman, Donald Padgett, and Monte Steedley
Environmental Services Section

Timothy Jannlk
Savannah River Technology Center

Robert Turner
Site Uti/ities Depafimerrt

E
NVIRONMENTW surveillance at the
SavannahRiver Site (SRS) is designedto
survey and quantify any effwts that routine

and noomutine opcratiom could have on the site and
on the surroundingarea and population. Site
surveillance activities are dtvided into radiological
and nonradlological programs.

As part of the radiological surveillance program,
routine surveillance of afl radiation exwsm
pathways is Wrformcd on all environment mdla
that may lead to a measwable annual dose at and
beyond the site boundary.

Nonmdioactive environmental surveillmce at SRS
involves the sampling and analysis of smface water,
drinking water, sdlment, groundwater, and fish.
Reaulta fmm the analyses of smface water, drinking
water, sdlment, and fish are discussed in this chapter.
A description of the groundwater monitoring program
analysis results can be found in chapter 6,
“Groundwatcr.”

The EnvimnmenUl Monitoring and Analysis group
@MA, formerly the Environmental Monitoring
Section) of the Environmental Services Section
(formerly the Environmental Protection Department)
and the Savannah River T@hnology Center (SRTC)
perform surveillance activities. The Savantmh River
also is monitored by other groups, includlng the
Soatb Carolina Department of Health and
Environmental Control (SCDHEC), the Gmrgia
Department of Natural Rcaources, and the Academy
of Natural Sciencas of Philadelphia (ANSP).

A complete description of the EMA surveillance
program, including sample collection and analytical
procedures, can & found in section 1105 of the
Savanmah River Site Environmental Monitoring
Section Plans and Procedures, WSRC-3Q 1-2,
Volume I (SRS EM Program). Btief summaries of
analytical results are presented in this chapteu

complete data sets can be found in tables on the CD
accompanying this rcprt.

Radiological Surveillance

Air

Deacriptlonof Surveillance Program

EMS maintaina a network of 17 sampling stations in
and sround SRS to moniter the concentration of
tritium and radioactive ptilculate materials in the air.

SurveillanceReaulta

Except for tritium, s~itic radionuclidca were nut
routinely detwtable at the site perimeter. Both onsite
and offsita activity conmntrations were similar to
levels obsrvcd in prcvioua years.

Average grossalpha and bete resu[ta were slightIy
lower in 2W2 than in 2001. However, they are
consistent with histmical results, wh[ch demonsrats a
lrmg-temr variability.

.
No mamnade gamma-emitting radionuclides were
observed in 2W. These results are consistent with
hlstm’ical results, which indicate only a small number
of samples with det=table activity.

Det@table alpha activity, primarily uranium isotopes,
wu.vobserved at three offsite locations, genemlly,
these concentrations were consistent with historical
results. All isoto~s at the remaining locations were
below detwtion levels. As observed in previous
years, none of the samples showed strontium-g9,90
above the lower limit of detection (LLD).

Tritium-in-air results for 2002 were similar to tboae
observed in 2001. As in previous yeas, the Burial
Ground North location showed average and
maximum concentrations significantly hlgber than
those observed at other lmations. ~Is was expwtcd
because of ita proximity to SRYS rritium facilities,
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which are near the center Of tie site. Consistent wirh
the SRS smuce tern, tritium concentrations generally
dwteaxe with increasing distance frnm the tritium
facilities.

Rainwater

Descriptionof Surveillance Program

SRS maintains a network of rainwater sampling sites
as part of the air surveillance program. These stations
are used to measure depsition of radioactive
materials.

Surveillance Results

Gamma Emitting Radionuclides Except at the
Burial Cbound North lecation, no detatable
manmade gamma-emitting radlonuclides were
observed in rainwater sampla in 2002.

Detwtable cc.sium-137 was observed at Burial
Gruund North from May through November, with a.
maximmn concentration of 1,180 pCiim2; this
Imation showed a spike in May and June. then
showed a fairly regular dec=se to long-term
histmical levels. An Environmental Monitoring
Smtion investigation showed a similar increase in
berh grnss alpha and gross here activity ’in rainwat~,
however, air particulate filter samples collwted
dining this time indicated no nnusrral concenmations.
The field strdion and rbe sampling equipment were
checked for contamination, with negative resnlts.
Based on the investigation’s incumhrsive resul~, the
reasun for the obsewed incrase in conwntrations is
unknown.

Except for the previously discussed Bnrial Ground
North results, the gress alpha and gross beta results
were consistent with those of 2WI. Although the
2002 Yesultsgenerally were slightly Iowa than those
of 2001, no Iong-tem increasing or decreasing trend
was evident. This implies that the observed values are
natural background and dms not indicate any
contribution directly atrribumble to SRS.

The analysis of rain ion columns was expanded in
199 to include uraninm isotopes (uranimn-234,
umnium-235, uranium-238), americium-24 1, and
cutium-2Aln addition to plutonium isotopes
(plutonium-238 and plutonium-239). Except for
U-234 and U-238 at several Iecations, all isotopes
were below detwtion levels in 2002; generally, these
concentrations were consistent with historical results.

AS in 2001, no detectable levels of stmntium.89,90
were observed in rainwater samples during 2002.

As in previous years, tritium-in-rain values were
highest near the center of the site. This is consistent
with the H-Area effluent release points that routinely
release tritium. As with hitium in air, concentrations
generally dareased as distance frum tbe effluent
release pint increased.

Gamma Radiation

Descriptionof Surveillance Program

Ambient gamma expusure rates in and vound SRS
are monitored by a network of thermoluminescent
dosimeters WDS).

Surveillance Results

Exposares at all TLD monitoring lecations show
some vtiation based on nomml site-tc-site and
yw-te-ye= differences in the components of natural
mnblent gamma expusure levels.

In general, the 2002 ambient gamma radiation
monitoring results indicated gamma exposure rates
slightly lower than those observed at the same
Iwatiom in 2001. However, these results genemlly
are consistent with previously published historical
resulw, and indicate that--except in the case of
population centers-no significant difference in
average exposure rates is observed hetwwn
monitoring networks.

E-Area Stormwater Basins

Descriptionof SurveillanceProgrem

Stonnwater accumulating in the E-Arm Stormwater
basins is moniturcd &ause of potential
contamination.

Surveillance Results

Bwause of dry conditions, ne samples were obtained
from the M3 aud E-06 lecations in 2002. Because
there are no active discharges to the E-Area
stonnwater basins, the primmy contributor to seepage
basin water is rainwater runoff. In 2~, the highest
mean tritium concentration, 2.85E+05 pCiiL, was
detwted in M5. This is the result of two rntium
spikes caused by equipment failure that resulted in
drainage from tbe nearby Four Mile Creek
phytoremdlation project. This concentration is
similar to last year’s high mean tritium concentration
for the same Incation. Mean cobalt-60, cesirrm-137,
and gross alpha concentrations all were below the
minimum detectable concentrations (MDCS).

Site Streams

Descriptionof Surveillance Program

Continuous surveillance is used on several SRS
streams that monitor below process areas and that

●
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Figure 4-1 Tritium Migrstion from SRS Seepage Basins and SWDF to Site Streams, 1993-2002

serve to detit and quautify levels of radioactivity in
liquid effluents Ming mansported to the Savamab
River.

SurveillanceResults

The titium, gross alpha, and gross &ta mean
Conmnmations increased at the U3R-1 A control
Imation in late 2Wl, and investigations were &gun
in an effort to determine the reason for the elevated
concentrations. It was discovered that there had been
an emor in the analysis of tritium in 2001; as a result,
the 2002 sample values were able to h reported
commtly. The mean tritium concentration for 2W2
was bslow the MDC.

The investigation into the gross alpha and gross beta
results has proven inconclusive. No offsite activities
that would affwt sample results were identified, but
additional water and sdlment samples have been
collwted, and the investigation is continuing.

Mean 2~ wnss alpha and gross beta concentrations
at surveillance locations other thm U3R-I A
generally were consistent with historical data.

A technetium-99 measurement program begun in
2001 is still in the development stages in terms of
establishing historical technetium-99 levels. During

2002, as in 2001, technetium-99 waa detected at
Ffvl-2, ~-2B, aod FM-A7.

Mean tritiurn concentrations at downstream laations
wera consistent with historical valuw.

Seepage Basinand Solid Wsste Disposal
Facili~ RsdionuclldeMigration

.
To inco~rate the migration of radioactivity to site
streams into total radioactive releaae quantities, EMS
monitored and quantified the mi~ation of
radioactivity from site seepage basins aud the Solid
Waste D~spnsal Facility (SWDF) in 2002 as part of its
str~ suweillance pro~~. During,2~2, tritium,
stmntium-89,90, technetium.99, and cesiunr-137
were detected in migration releases. Measured
iodine-129 results were not available from EMS and
tbe value measued in 1996 was used for dose
calculation.

Figure 4-1 is a graphical representation of releases of
tritium via migration to site streams for the years
1993-2002. During 2CS32,the total qumtity of ttitium
migrating from tbe seepage basins and SWDF waa
about 2,007 Ci, compwd to 2,675 Ci in 2001. The
duline is attributed to the continuing depletion and
decay of the tritium inventory in the seepage basins.
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F-Area and H-Area Seepage Basins and
SWDF Radioactivity previously dewsitcd in the
F-Area and H-Area s=page basins and SWDF
continues to migrate via the gmundwater and to
outcrnp into Four Mile Creek and into Upper Three
Runs.

Mcaswcd migration of tritium into Four Mile Crmk
in 2W2 Wcrlrrcd as follows

. from F-Area -page basins, 226 Cl—a
20-percent decrease from the 2001 total of
284 Ci

. from H-Area seepage basin 4 and SWDF,
381 Ci—a seven-percent dwreaae horn the 2001
.mta10f411 Ci

● from H-Area seepage basins 1,2, and 3,
95 Ci—a 41-percent dscrease from the 2W1 total
of 161 Ci

The measured migration fmm the north side of
SWDF and the General Separations Area (GSA) into
Upper Three Rum in 2W2 was 275 Cl, a 42-pereent
decrcaae fmm the 2001 total of 470 CI. (T’heGSA is
in the central part of SRS and contains all waste
dispsal facilities, chemical sepamtions facilities,
ssseciatsd high-level wsste storage facilities, and
numerous other sources of radioactive matmial.)

The total mnount of strontiurn-89.90 entering FOUI
Mile C=k from tie GSA seepage bmina and SWDF
during 2002 was estimated to be 32.8 mCi—a
65-psrmnt increase from the 2fKll level of 20 mC\.
Migration releases of atrontinm-89,90 vary from year
to year but have remaind below 75 mCl the past four
years (see data table on CD accompanying tils
refmrt).

In addition, a total of 20.7 mCl of cesium-137 was
estl~atcd to have miflated from the GSA seepage
basirii and SWDF in 20fJ2. This wm a dwrease of 45
~rcent frem the 2CG1total of 37.5 mCi.

As discussed previously, itilne- 129 waa not
measured in Four Mile Creek water samples during
2002. It was sssmned that 78.2 mCi migrated from
the GSA seepage basins in 2W2. This was the
amount last measured (during 1996).

A total of 29.4 mCi of twhnetium-99 was estimated
to have migmted from the F-Area and H-Area
seepage basins. This was a decrease of 36 percent
from the 2W1 total of 45.6 mCi.

K-Ares Drain Field and Seepage Basin Liquid
purgesfrom the K-Area disassemblybasin were
releaacd to he K-Area seepage basin in 1959 and
1960. From 19~ until 1992, purges from the K-Area

dim.ssembly basin were discharged to a percolation
field &low the K-Area retention basin. Tritium
migration from the seepage basin and the percolation o
field is measured in Pen Branch. The 2W2 migration
total of 853 Ci represents a 16-percent decrease from
the 1,010 Cl recorded in 20tl 1.

C-Area, L-Ares, and P.Ares Seepage
Basins Liquid purges from the C-Area, L-Area,
and P-Area dtssssembly basins were releamxl
pericsfically to their mspcctive mcpage basins from
the 1950s until 1970.

No radionuclide migration was attributed to the
C-Arsa and L-Area sespage basins in 2002. A tntal of
177 Ci of tritium migrated from the P-Area s=page
basin during 2002,43 percent less than the 309 Cl of
tritium in 2001.

Traneporfof Actlnldes in Streams

Uranium, plutonium, americium, and curium are
analyzed on an amual basis fmm each stream
location. Values for 2002 wers consistent with
historical data.

Savannah River

Descriptionof Surveillance Program

Continuous surveillance is performed along the
Savannah RIvar at pints above and below SRS and o
bslow the Pint at which liquid discharges from
Georgia Power Company’s Vogtle EIwtric
Generating Plant enter the river.

Surveillance Results

Tritium is the predominant radlonuclide detected
aheve background levels in the Savanna River. The
annual m=n tritium concentration atRM-11 8.8 in
20i)2 was shut 5 percent of the drinking water
standard.

The average woss alpha concentration at each river
Iucation was below the representative MDC in 2002.

Gross beta activities at all lwations were slightly
ahve the representative MDC for the analysis in
2~2. Mean and maximum concentrations were
similar at all locations, indicating that there was no
significant release of beta-emitting nuclides
attributable to SRS discharges.

The mean concentrations for cesium-137 and
cobalt-60 were below their representative MDCS for
analysis in 2W2 at all Savannah River Incations. The
maximum concentration ofcesium-137 at RM-118.8
was slightly above the representative MDC; cobalt
wm hslow the MDC. Activity levels for ●
strontium-89,90 and for all actinides-includlng
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isotopes of uranium and plutonium—fluctuated

● around their respective representative MDCs.

Tritium Transport

in Streams and River

Tritium is introduced into SRS streams and the
Savannah River from production areas on site.
Because of the mobility of titium in water and the
quantity of the radionuclide released during the yearx
of SRS operations, a tritium balance has been
pmformd annually since 1960. The balance is
evalmted among the following alternative methnds of
calculation:

. tritium releases from effluent release points and
calculated smpage ha.sin and SWDF migration
(dimt releaaes)

● tritium -sport in SRS str~ms and the last
sampling point before enoy into the Savannah
River (stream transpnrt)

. bitium tmns~rt in the Savannah River
dowmiver of SRS after subtraction of any
measarcd contribution ahnve the site (river
transport)

●
The total combined titium releases in 2002 (dirwt
discharges and migation from seepage baains and
SWDF) were 3,096 Cl, compared to 4,423 Cl in
2001.

Dting 2M2, the total tritium transport in SRS
streams dwrcased by approximately 34 percent (from
4,320 Ci in 2001102,857 Ci in 2W2).

The 2~ areasured tritimn transport in the Savannah
River (4,05 1 Ci) was more than the stream transport
towl. Most of this differmce is attributed to Plant
Vogtle’s 2~ tritium releases, which totaled 1,7~
Ci.

SRS tritium rransputi data for 1960-2W are
depicted in figure 4-2, which showssummaries of the
past43 yearaof ditit releases, stream trans~rt, and
river transport detennind by EMS.

Gener31 agreement between the three calculational
methcds of annual tritium transport-measurements
at the soume, stream kanspmt, and river
uansport--serves to validate SRS sapling schemes
and counting resultc. Differences between tbe various
metbtis can b attributed to uncertainties arising in

●
the collection and analytical processes, including the
determination of water flow rates and of varying
transport times.

DrinMng Water

Descriptionof Suweillance Program

EMS collwted drinking water samples in 2002 from
locations at SRS and at water treatment facilitim that
use Savannah River water. PotabIe water was
analyzed at offsite @eatment facilities to ensure that
SRS operations did not adversely affect tie water
supply and to provide voluntary aasurance that
drinking water dld not exceed EPA drinking water
standmds for radlonuclides.

Onsite drinking water mmpling consisted of quarterly
grab mmples at large treatment plants in A-Area,
D-Area, and K-Area and annual grab samples at wells
and small systems. Collwted monthly off site were
cOmWsik samples from

. two water treatment plants downriver of SRS
that supply treated Savannah River water to
Beaufon and Jasper counties in South Carolina
and to Port Wentwmth, Gmrgia

. tie North Augush (South Carolina) Water
Treatment Plant

Surveillance Results

All drinking water samples coll=ted by EMS were
screened for gross alpha and gross beta
concentrations to determine if activity levels warrant
fufier analysis. No samples collected in 2002
excdcd EPA’s 1.50E+OI -pCi/L alpha activity limit
or 5.00E+Ol-~fi bets activity limit. Also, no onsite
or offsite drinking water sampIes cOIIccted ad
analyzed by EMS in 2002 exc~cd the
2.00E+04-@irL EPA tritium Iimit, and no drinking
water samples collected and analyzed by EMS for
strontium 89,90 in 2002 excccdcd the
1.40E+~pCi/L repremmtative ~.

No cobalt.60, cesium- 137, or plutenium-239 were
detectedin my dri*ing watm smnples collwted
during 2002. Samples from some locations sbowd
dct=&ble IeveI.sof wanium isotopes, plntonium-238,
anrflor americium-241.

Terrestrial Food Prbducts

Description of Surveillance Program

Tbe temestrial fnnd products sumeillance pmgmm
consists of radiological analyses of fond product
samples typically found in the Central Savannah
River Area (CSRA). These food products include
mwt (k~, fruit, and green vegetables (colbuds).
Data from the focal product sm’veillance program are
not used to show dircet compliance with any dose
standard, bowever, tie data can be used as required to
veri~ dose mdels and determine environmental
trends.
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Figure 4-2 SRSTritium Trmraport Summary,1960-2W2
SRS has maintained a tritium balance of direst releases Plus migration,stream transpoti, and rivertranaport
since 1960 in an effort to aacount for and trend tritium releases in liquideffluents from the site, The general
trend over time is attributable to (1) variationsin tritiumproductionat the site (productionetopped in the late
1960s): (2) the implementation of.effluent controls,such as seepage basins, beginning in the earfy 196@, and
(3) the continuing depletion and decay of the site’s tritium inventory.

Samples of feud-includlng meat @ff, fruit
(melons or peaches), and a green vegetable
(collards)-we collected from one lusation within
cach~f fow quadmnta and from a mntml lncation
witiln an extended (to 25 miles beyond the
perimeter) southeast quadrant. All fd samples are
collected annually except milk.

Fd samples are analyzed for the prcaence of
gamma-emitting radlonuclides, tritium,
strontium-89,90, plutonium-238, and plutonium 239.

Surveillance Resulte

The only manmade gamma-emitting radlonuclide
detected in feud pruducts other Wan milk in 2002 was
cesium-137, which was found in collards from three
sampling locations. Strontium-89,90 was detected in
~llwds from one location, tihile tritium was detected

in fruit and mifk at all Iucations. No other
radionuclides were detecti in fd products.

Tritimn in milk and other samples is attributed
primarily to releases from SRS. Tritium
concentrations in fruit and milk were similar to those
of previous years. No tritium was detected in any
otberfeod sample.

These results are similar to those of previous yema.

Aquatic Food Products

Deecrlptionof Surveillance Program

Theaquatic fGod product smeillance program
includes fish (freshwater and saltwater) and shellfish.
To detcnnine the pntential dose and risk to the public
from consumption, tith types are sampled.

Nine surveillance points for the collection of
freshwater fish are fncated on the Savannah River and
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nine are Iocatd on site. Because of drought
conditions, samplea were able to bc collected at only
four of the onsite Iwations.

Surveillatra Results

Cesium-137 was the ody manmade gsmma-emitting
radionuclide found in Savannah River edible
com~sitcs. Strontium-89,90 and tritium were
detmted at most of tie river locations. No manmade
rsdtonuclides above the MOC were found in
saltwater fish or shellfish. These results were simiku
to those of previous yearn.

Deer and Hogs

Description of Surveillance Program

Annual hunts, open to members of the genersl public,
are conducted at SRS to control the site’s deer and
feral hog populations and to reduce animal-vehicle
accidenta. Before any animal is released to a hunter,
EMA uses portable s~iam iodide detectors to
perform field analyais for cesimn- 137. Malta samples
(muscle and/or bone) are collwted periodically for
Iabnrarmy analysis based on a act frequency, on
ceaimn-137 levels, andfor on exfmaure limit
considerations.

Surveillance Results

A toad of 1,316 dwr and 168 feral hogs were taken
during the 2002 site hunts As observed during
previous hunts, cesium-137 wss tbe only manmade
gsmma-emitting radionuclide detectti dining
labmtory analysis. Oenerally, the c=ium-137
concentrations measured by the field and lab methods
were comparable. Field measurements horn all
animals ranged from approximately lpCdgt028
PCtig, while Iah measwementa ranged from
approximately 1 pCdg ru 26 pciig.

Strontium levels sre determined in some of the
animals analyzed for cesium- 137. Typically, muscle
and bone samplea sre collected for smdysis from the
same animals chwked for cesium- 137, and the
ssmples sre analyzed for strontium-89,90. Lab
mesmrementa of stiontium-89,90 ranged from a high
of 10.6 pCi/g to a low of 3.96 pCdg—buth in bone
samples.

TurkeyslBeavers

Descriptionof Surveillance Programa

Wild turkeys have been trapped on site by the South
Csrolina Wildlife and Msrine Resources Department
and used to repopulate game areas in South Carolina
and other states. The U.S. Department of A&icultwe

Forest Service-Savmrnab R]ver harvests bcsvers in
selwted mesa within the SRS primeter to reduce the
tiver ~pulation and thereby minimize
dam-building activities that cm result in flood
damage to timber stands, tu primsry and =ndary
roads, and to railmsd beds. However, btb progrsms
were inactive in 2002 because of reduced rids.

Soil

Description of Surveillance Program

The SRS soil monitoring program provides

● darafor long-term trending of radioactivity
depsited from the atmosphere (hth wet and dIY
deposition)

. information on the concentrations of radioactive
materials in the environment

The concentmtiom of mdionuclides in soil vw
greatly among lrrcations bwause of differences in
rainfall pattema and in the mechanics of retention and
transport in different types of soils. Because of tils
progrsm’s dacign, a dtit comparison of data fmm
yesr to yeu is not appropriate.

Soil aamplea sre collected fmm four onsite Iwations,
four site perimeter locations and two offsite locations.

Surveillance Results

Radionuclides in soil samples from 2~ were
detected aa follows

● Cesium-137 at eight locations (on
sitdperimeter/Off site)

● Uranium-234, 235, and 238 at all locations

● PlutOnium-23g at three onsite Iwations

. Plutonium-239 at eight Iocati&m (on
site/~rimeter/Off site)

● Americium-241 at one onsite Iucation and off
site in Savammh

. Curium-244 only in Savannah

Settleable Solids

Description of Surveillance Program

Settleable-solids monitoring in eftluent water is
requird to ensure—in conjunction with routine
sd[ment monitoring—that a long-term buildup of
radioactive materials dws not occur in stmsm
systems.

DOE limits on radioactivity levels in settleable solids
are 5 pCi/g above background for alpha-emitting
mdionuclides and 50 pCi/g atmve background for
beta/gamma-emitting radionuclides.
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bw total suapcnded solids (TSS) levels result in a
small amount of settlcable wlida, so an accumte
measurement of radioactivity levels in settleable
solids is impossible. Baaed on tils, an interpretation
of the mdioactivity-levels-in-aettlcable-solids
~uirement was provided to Westinghouac Savammb
River Company (WSRC) by DOE in 1995. The
inte~retation indicated that TSS levels below 40
parts ~r million (ppm) were considered to be in
de-fato compliance with the DOE limits.

To determine compliance with these limiu, Eh4S uses
TSS results-garhered m part of the routine National
Pollutant Discharge Eltilnation System monitoring
pmgmtu-from outfalls cu-lucated at or near
radiological effluent pointa. If an outfull shows that
TSS Ievels regularly me greater than 40 ppm, a
radioactivity-levels-in-settleable-solids pmgrmn and
an increaae in sediment monitoring would k
implement~.

Surveillance Results

During 2W, mdy one TSS sample excccded 40 ppm.
The smnpl=ollected from outfall H- (effluent
sample pnint HP-15)-showed 103 ppm,

An investigation into tie cause of this H-02
concentration detmind that a consrmction accident
had damaged a domestic water line, causing the
elevated reading. A TSS mraple had been collected
the previous week with a result of 1 ppm. Fom
smnples were collected the week after the 103-ppm
reading-each with a TSS result of less than 2 ppm.
An examination of the H-02 rcsulrs for 2002
indicated that

. the Rnnual mean-including the 103-ppm
value—wac 6 ppm, considerably lower fian the
40-ppm cnmplianm limit

● ..rm other TSS reaulta were greater than 2 ppm

Based on these findings, it was determined that the
monitoring of radioactivity levels in aettleable anlids
waa not required at H-02.

ovwall, the TSS results indicate that SRS is in
compliance with the DOE
radioactivity- levels-in- settleablewlids requirement.

Sediment

Descriptionof Surveillance Program

Sediment sample mmIysis measures the movement,
deposition, mrd accumulation of long-lived
radionuclides in stream beds and in the Savatmah
River bed. Significant year-to-year differences may
k evident bmause of the continuous deposition and

remobilization occurring in the stream and river
beds--or -use of slight vtiation in sampling
locations—but the data obtaind can be used to e
observe long-term environmental trends,

Sediment samples were coll=ted at eight Savannah
River Iecations and 13 site stremn locations in 2tM2.

Surveillance Results

Cesium-137 and Cobalt-60 were the only manmade
gamma-emitting radionuclides observed in river and
stream sediments. The highest cesium- 137
concentration in streams, 4.37E+02 pCi/g, was
detcctd in sdlment fmm R-Canal. me highmt level
found on the river, 2.27E+W pCtig, was at the mouth
of bwer Three Runs; the lowest levels were klow
the MDC at several locations. Generally, cesium-137
concentrations were higher in stream sdlmentr than
in river ~lments. This is to k expected because the
streams receive radlonuclide-containing liquid
effluents from the site. Most radionuclides settle out
and de~sit on the stremn beds or at the stremns’
enkancca to the swamp areas along the river.

Cobalt-m was detected ahve the DC in sdlment
fcom the following Imations

● Four Mile Creek Swamp Discharge

● Four Mile A-7A

● R-Canal

Tbe higheat Cobalt-60 concentmtion, 6.47E-01
pCi/g, was maumd at R-CanaL concentrations at
the other sediment sampling locations were below the
MDC.

Concentrations nf strontium-89,90 in sediment
rangd from a high of 3.73 Em pCiig at the FM-A7
location to lows beIow the ~C at most of the other
Iecations.

Concentrations of plutntium-238 in sdlment dining
20V2 ranged fmm a high of 8,22E41 pCi/g at the
Four Mile A-7A lecation to lows below the MDC at
several Iecations. Concentrations of plutOnium-239
ranged from a high of 3,53E+1 pCiig at the Four
Mile 2 location to lows below the MDC at several
locations. Uranium-234,238 was detected at all
locations, and uranium-235 at all except one Iwation.

Concentrations of radionuclides in river sed]ment
dting 2002 were similm to those of previous yea.ra,
As expected, concentrations of all isotopes in streams
generally were higher than concentrations in the river.
Differences observed when these data are compared
to those of previous yeaca probably are attributable to
tbe effwtr nf resuspension and deposition, which ●
occur constantly in sediment media.
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Grassy Vegetation

Descriptionof Suweillance Program

The rd!ological program for grassy vegetation is
designed to collect and analyze samples fmm onsite
and offsite locations to determine radlonuclide
concentrations. Vegetation samples we obtained to
complement the soil and tilment samples in order to
determine the environmental accumulation of
rdlonucfides and help confirm the dose models used
by SRS. Bermuda ~ass is prefe~ tianae of its
importance as a paaturc grass for dairy herds.

Vegetation samples are obtained from

. lucations containing soil radionuclide
conccntratiom that arc ex~ctcd to bs higher
than normal background levels

. Iocationa receiving water that may have been
contaminated

Surveillance Reeults

Radionuclides in the grassy vegetation sampl=
collected from 2002 were detected as follows

●

✎

✎

✎

✎

Tritinm at thmc onsite locations and offsite at
Savamrti

Cesium- 137 (the only manmade gamma-emitting
radionuclide de~tcd) at two onsite locations

SMntium-90 at all locations except for one
offsite location

Urmium-234 at tbe Burial Oround and
wanium-238 at several locations

Plutonium-239 at the 25-mile radiw location

These results are similar to those of previous years.

Savannah River Swamp Surveys

Introduction

TheCr=k Plantation, a privately owrrcd land mea
lwatcd along tbe Savammb River, horders tbe
southeast portion of SRS. In the 19WS, an area of the
Savann& River Swamp on Creek
Plantation-spmifically, tbe area between Steel
Cr.%k Landing and Little Hell Landing—was
contaminated by SRS o~rations. During Klgb river
levels, water from Steel Creek flowed along tbe
lowlands comprising the swamp, rcxulting in the
deposition of radioactive material. SRS atudics
estimated that a total of approximately 25 Ci of
cesium- 137 and 1 Ci of cobalt-60 were deposited in
the swamp.

Comprehensive and cnraary sm’veys of the swamp
have hecn conducted Pcridlcally since 1974. These
surveys measure radioactivity levels to determine
changes in the amount andfor distribution of
radioactivity in the swnmp.

Oetails -2002 Survey

A cursoW sumey was conducted May through August
2002. Cursory sumeys provide assurance that
conditions observed dufing the more detailed
comprehensive surveys have not changed
significantly. During cursory surveys, soil and
vegetation mmples are collected from one lucation
per tmil-typically at or near the area of highest
observed activity.

Analytical Reaulta

All 2002 smey samples were amlyzcd for
gnmma-emitting radionuclides and totaf atrontimn.
As mticipated, based on source term information and
historical sm’vey results, cesium-137 was the primary
rad{onuclide detectd in all the soil and vegetation
samples. Also, total stiontium was present at low
concentrations in four vegetation samples.

These concentrations are consistent with histmicd
results, although the nmge of concentrations was not
as great. In general, higher levels of ccsium-137 in
soil were observed in the trails closcat to the SRS
bnundary. As obswved in previous surveys, the
vertical diso’ibution profile in soil~at is, the
vnriatimr of contaminant concentration with depth in
a soil column—is not as pronounced in the swamp,
where significant scorning sad/or de~sition is
possible, as it is in areas of undisturbed soil.

Thermoluminescent dosimeter ~D) seta were
placed at 53 of 54 monitoring siti to determine
~mbient gamma exposure ra;s. F1ftv-two of the 53
sets were retrieved from the swamp; the expnsure
time varied from 51 to 83 days. The gamma exposure
rate mngcd fmm 0.16 to 0.58 mremfday, whlcb is
consistent with the rmge observed in the 2001
suwey.

The highest expnsure rates were measured on @ails1,
4, and 5. This follows the trends observed in previous
surveys. Bccauae of the limited sco~ of soil
sampling, correlations between gamma exwsure rate
and cesium-137 concentmtiona in soil could not b
examined.

Conclusion

Resulk of the 2W2 survey of the Savannah River
Swamp generally were consistent with tbosc
observed in previous sm’veys. Over time, some
changes in the spatial distribution of activity
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throughout the swamp have been observed, which
meaus that some Iucafized movement of activity may
he cccmring.

Nonradiological Surveillance

Air

SRS currently dries not conduct onsite am’veillmrce
for nonradiological smbient air quality. Wwever, to
ensure compliance with SCDHEC air quality
regulations and staudards, SRTC conducted air
dis~rsion mndeling for all site sources of criteria
pollutmta and texic air pnllutanb in 1993. This
modeling ihdlcated that all SRS sources were in
compliance with air quality regulations and standards.
Since that time, additional modeling conducted for
new sources of criteria pllutants and toxic air
pollutan~ has demonswated continued cmnplimce by
the site with current applicable regulations and
standards. The statea of South Carolina and Georgia
cnntinue to monitor ambient air qnality nsar the site
as part of a network associated with the federal Cleau
Air Act.

Surface Water

SRS str-s and the Savaunah RIvcr are clmsitied as
‘Treshwaters” hy SCD=. Freshwater are defined
m surface water suitable for

. primary-and sccondary<ontact rwreation and
m a drinking water source after conventional
treatment in a~rdnncc with SCD=C
requirement.r

● fishing and survival and propagation of a
balanced indigenous aquatic community of fauna
and flora

. industrial md agricultural uses

Appendix A, “Applicable Guidelines, Standards, and
Regulations,” provides some of the specific
guidelines used in water quality surveillance, but
bwause some of these guidelines are not quantifiable,
they are not tracked.

Surveillance Reeuits

Analysm of the surface water data continue to
indicate that SRS discharges sre not significantly
affecting the water quality of the onsite streams or the
river,

Drirddng Water

Most of the drinking water at SRS is supplied by
three systems that have treatment plants in A-Area,
D-Area, and K-Area. The site also has 15 small

drinking water facilities that *we ~pulations of
fewer than 25 persons.

Suweillance Results
●

All samples collected from SRS dritilng water
systems during 20f12were in compliance with
SCD=C and EPA water quality limits (maximum
contaminant levels).

Sediment

EMA’s nomadlological sdlment surveillance
program provides a methti of determining the
deposition, movement, and accumulation of
nonradiological contaminants in stream systems.

Suwelllence Results

In 2002, as in the previous 6 years, no Wsticides or
herbicides wece found to be above the quantitation
limits in sediment samples. Bmause of an
administrative error, no metals analyses were
conducted during 2002.

Fish

EMA analyzea tbe flesh of fish caught from omite
str-s and punds and from the Savannah River to
detemine concentrations of mercury in the fish. The
fish analyzed represent the most common dlble
s~ies Of fish in the Central Savannah River ~ ●
(freshwater) and at the mouth of the Savann~ River
(saltwater),

Surveillance Reeults

In 2002, 175 fish wm caught from SRS streams and
~nds and the Savannah River and analyzed for
mercury. Because of low water, no tisb were caught
from tbe Pen Branch-3, Four Mile Cr&k-6, Steel
Cresk-4, Upper Three Runs4, Lower Three Runs,
and Bm.ver Dam Creek Iucations.

Concentrations of mercury contained in fish smples
from 2f)02 were similar to those of p~vious yeara.

Academy of Naturai Sciences
of Philadelphia River Quaiity Surveys

Description of Su’weya

ANSP has conducted biological and water quality
surveys of the Savannah River since 1951. The
surveya are designed tu assess putential effects of
SRS contaminants and warm water discharges on the
general health of the river and ita tributmies. This is
accomplished by Iwking for

● patterns of biolo~cal disturbance that m
geographically asswiated with the site
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● patterns of change over seasons or years that collected and archived diatoms (monthly) and
indicate improving or deteriorating conditions macroinvertebrates (twice during the year), as has

been custommy. These (2~) samples will be
Samples were collected for the 2001 suvey and are archived but will be analyzed only if the 2001
schduled to be analyzed by ANSP in 2003. No anal ysis results are statistical] y different from those
surveys were cnnducted by ~SP in 2W2 because no of previous years. ANSP is expected to conduct
contract was in placq SRS personnel, however, limited river studies during 2003.

.

Environmental Repoti for 2002 (WSRGTR-2002-00026) 37



Timothy Jannlk Patricia Lee, and All Simpldrrs
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T
HIS chapter presents the petential doses tn
offsite individuals and the surrounding
population fmm the 2002 Savannah River Site

(SRS) atmospheric and liquid radioactive releases.
Also documented are pntentid dmcx from
s~ial-caae exposure scenarios-such as Ore
consumption of d~r meet, creek mouth fish, and goat
milk.

Unless otherwise noted, the generic term “dose” used
in Wls repett includes kUI the conunittd effective
dose equivalent (50-year committed dose) from
internal de~sition of radionuclides and the effective
dose equivalent attributable to sources external to the
lmdy. Use of the effwtive dose equivalent allows
dews ftwm different types of radiation and to
different parta of the bcdy to M expressed on the
same basis.

Descriptions of the effluent monitoring and
envimmnental surveillance programs dlscuxsed in
this chapter can be found in chapter 3, “Ernuent
Monitoring,” and chapter 4, “Environmental
Surveillance.” A complete description of how
potential doses am calculated can he found in
section 1108 of tbe Savannah River Site
Environmental Monitoring Section Plarr.r and
Procedures, WSRC-3QI-2, Volume 1 [SRS EM
Program, 2001]. All potential dose calculation reaulta
are prcxented in data tables on the CD accompanying

, this report.

Applicable deac regulations can be found in
appendix A, “Applicable Guidelines, Standards, and
Regulations,” of this document.

Calculating Dose

Potential offsite doses from SRS effluent releases of
rflloactive materials (atmospheric and liquid) ure
cefculated for the following scenarios:

. hy~tbetical maximally exposed individuuf

. 80-km (50-mile) population

B=ause OreU.S. Department of Energy (DOE) has
adopted dose factors only for adulta, SRS cafculatcs
maximally exposed individual and collective doses as
if the entire 80-krn population consisted of adults
[DOE, 1988]. For the radioisotopes that constitute
most of SR.Sa radioactive releases (i.e., b’itium md
cesimn- 137), the dose to infanta would be
apprOximaEly two to - times more than tn adults.
The dose to older cbiIdren komcs progressively
C1OSWto the adult dose.

For dose calculations, uns~ificd alpha releases were
assigned the plutotium-239 dose factor, end
um~ificd nonvolatile bta relases were uasigncd
the stmntimn-90 factor. Accounting for the alpha and
bra emitters in this way generate;-an overestimated
dose atrnbutcd to releases from SRS kause

Dose to the Hypothetical Maximally Exposed Individual

When calculatingradiationclosesto the public, SRS uses the concept of the maximally exposed individual;
however, becauae of the conservative tifestyle assumptions used in the dose mndels, no such person is
known to exist. The parameters used for the dose calculationsare

For airborne releaaes: Someone who lives at the SRS boundaty 365 days per year and consumes large
amounts of milk, meat, and vegetables produced at that location

For fiquid releaaes: Somsom who tivesdownriverof SRS (naar River Mile 116.6) 365 days par yesr, drinks
2 liters of untreated water per day from the Savannah Rtver,consumes a large amount of Savannah River
fish, and spends the majorityof time on or near the river

To demomtrate compliance with the DOE Ordar WOO.5 all-pathway dose standard of 100 mram per year,
SRS conaewativelycombinesthe airbornepathway and fiquidpathwaydose estimates, even thoughthe two
doses are calculated for hypotheticalIndividuals residingat differantgeographic Iocstions.
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. plutonium-239 and strontium-90 have tie highest
dose factors among the cormnon alpha- and
hem-emitting radionnclides

. a pmi of the unidentified activity probably is not
from SRS o~mtions but from mturally
nccurring radionuclides, such as potassium-40
and radon progeny

SRS also uses adult consumption rates for fond and
driuking water and adult usage parameter to estimate
intakes of radionuclides. These intake values and
parameters were developed speciticall y for SRS
based on a regional survey [Hamby, 1991].

Dose Calculation Methods

To calculate annual offsite doses, SRS uws transpnrt
and dose mndels developed for the commercial
nuclear industry [NRC, 1977]. The mndels are
descri~ in SRS EM Program, 2001.

Meteorological Detabasa

For 2002, all potential offsite doses fmm releases nf
rdtnactivity to the ionosphere were calculated with
quality-assured metmrnlogical data for A-Area (used
for A-Area and M-Area releases) and H-Area (used
for relmses frnm all other arm). me metwrnlogical
databases used were for the Y* 1997-2fKll,
reflecting the most recent 5-yez compilation perind.

Population Database and Distribution

Collative, or Wpulation, dosesfrom a~ospheric
releasesare calculated for the population within a
8@km radius of SRS. Wlrhin WISradius, the total
population was 713,5W, based nn 200G census data.

Some nf the collective doses resulting from SRS
liquid releases are calculated for the populations
served by the City of Savannah Jndusrrial and
Domestic Water Supply Plant, near Port Wentworth,
Gmrgia, and by the Beaufort-JasWr Water Treatment
Plant, near Beaufort, South Carnlina. Accofltng to
tbe treatment plant operators, the population servd
by the Pori Wentwnrtb facility dting 2002 was
aPPmximately 11,000 persons, while the population
served by the Beatifort-Jasper facility (including
some residents of Hilton Head Island) was
approximately 105,~ persons.

River Flow Rate Data

Although flow rates are recorded at U.S. Geological
Survey (USGS) gauging stations at the SRS bna.t
duck and near River Mile 118.8 (U.S. H[ghway 301
bridge), time data are not usd directly in dose
calculations. This is because weekly river flnw rates
fluctuate widely (i.e., short-tin dilution varies from

week to week). Used instead are “effective” flnw
rates, which are calculated by dividing the total curies
of tritium measured in transpnrt at River Mile 118.8 ●
by the

. average tritium corrmrrtration measured at River
M[le 118.8 (to determine the maximally exposed
individual dnse)

. average tritium concentrations measurd in
finished drinking water at the two downriver
treatment plants (to determine drinking water
pnprdation doses)

For 2002, the River Mile 118.8 calculated (effective)
flow rate of 5,355 cubic feat per saond waa used.
The effective flow rate was 6,564 cubic feet per
second for the Beaufort-Jasper facility and 6,988
cubic feet per sWond for the Port Wentwortb facility.

Uncertainty in Dose Calculations

Radiation doses are calculated using the best
available data. If adequate data are unavailable, then
site-specific parameters are selected that would result
in a conservative estimate nf the maximum dose.

All radiation data and input parameters have an
uncertainty associated with them, which cauacs
uncertainty in the dose detenuinations. For example,
there is uncertainty in the assumed maximum meat
consumption rate of 81 kg (179 pounds) ~r year for ●
an individual. Some pple will eat more than 81 kg,
hut most probably will eat less. Unc@inties can be
combined mathematically to create a distribution of
doses rather than a single number. While the cmrcept
is simple, the calculation is quite diff[cult.

Dose Calculation Results

Liquid Pathway -

I-ltiuid ReleaseSource Terms

Tbe 2002 radioactive liquid release quantities used as
source terms in SRS dose calculations are presented
in chapter 3 and summarized by radionuclide in
table S-1.

The total curies of tritium released is based on the
measared tritium concentration at River Mile 118.8.
This total (4,830 curies) includes contributions from
Gmrgia Power Company’s Vogtle Electric
Generating Plant (1,700 curies) and from other
background sources (780 curies).

Radionuclida Concentrations in Savannah
River Water and Fish

For use in dose determinations and model
compmisons, the concentrations of tritium in o
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Table 6-1
2002 Radioactive Liquid Release Source Term and 12-Month Average Downriver Radlonucfide
Concentrwtiona Compared to EPA’s Drinking Water Maximum Contaminant Levels (MCLS)

i2-Month Average Concentrstiofr (pCdmL)

Nu&lde Curies Below 8aauf0rr- Port EPA
Relessed SRSa Jaaparb Wentwotthc MCf.

H.~d 4.83E+03 1.OIE+OO 8.24E-01 7,74E-01
Sr-90

2.00E+O1
3.45E-02 7.24E-06 5.89E-06 5.53E-08

Tc-99
8.00E-03

1.94E-02 4.06E46 3.31E+6 3.11EW6
I-129 7.82E-02 1.64E-05

9.00E-01
1.33E-05 1.25E-05 1.00E-03

CS.137a 7.63E-02 1.60E-5 1.30E-05 1.22E-05
U-234 2.78E-04

2.00E-01
5.77E-06 4.71 E-08 4.42E-06 1.67E+02

U-235 1.09E-05 2.26E-09 1.86E-09 1,75E-09 6.48E41
U-238 2.89E- 6.04E-08 4.93E-08 4.63E-08
Pu-236 1.15E-05

1.01E-02
2.40E-09 1.96E-09 1.84E-1 O

Pu-239 2.57E-06
1.50E+2

5.39E-1 O 4.38E-10 4.12E-10
Am-241

1,50E-02
1.05E-05 2.20E-09 1.79E-09 1.68E-09 1.50E-02

Cm-244 1.97E-06 4.12E-10 3.36E-10 3.16E-10 7.50E-02
Alpha 2.44E-02 5.12E-06 4.16E-06 3.91E-06 1.50E-02
NonvolatileBeta 3.79E-02 7.95E-6 6.47E-06 6,07E-06 8.00E-03

Sum of the Ratios= 6.92E-02 5.64E*2 5.30E42

a NaarSavannahRivarMile118.8,downriverofSRS at dIe u.S. tilgfrwayWI bridga
b @atiorr4asF.3ceouti Card/rw,finished drinking water

o

c PortWantworth,Gaorgia,fiiiah~ drinkingwater
d Curies releassd basad on meaSurSdtritiumConMn[fationsat 8avannah RNar Mile 118.8
e Cudes ralaasad basad on maasuradcasium-137 Ievala in Savamrah River fish

Savannah River water and cesium-137 in Savannti
River fish are measured at several lucations along the
river. The amounts of all other radionuclides relewed
from SRS arc so small that they usually cannot be
detcctcd in the Savannah River using conventional
analytical twhniques.

Rsdionuclide Concentrations In River Water and
Treated Drinking Water The measured
concentrations of tritium in the Savannah River near
River Mile 118.S and at the Beaufort-Jasper and Port
Wentworth water treatment facilities are shown in
table 5-1, as are the calculated concentrations for the
other released radlonuclides.

The 12-month average tritium concentration
measured in Savannah River water neu River Mile
118.S (1.01 pCdmL) was slightly less than the 2W1
concentration of 1.02 pCi/mL. The concentrations at
the Beaufurf-Jasper (0.824 flUmL) and Pert
Wentworth (0.774 pCi/mL) water treatment planta
remained below the U.S. Environmental Protection
Agency (EPA) maximum contaminant level (MCL)
of 20 pci/mL.

The MCL for each radlonuclide released fmm SRS
during 2CkJ2is provided in table 5-1. The table
indicates that all individual rationucfide
concentrations at the two downriver community
dri~ing water systems, aa well as-at River Mile
118.8, were below the MCLS.

Bwause more fhm one radionuclide is relea.scd from
SRS, the sum of the ratios of the observed
concenvation of each radlonuclide to its
corresponding M(2. must not exceed 1.0.

As shown in table 5-1, the sum of the ratios was
0.0530 at the Pon Wentworth facility and 0.05& at
the Beaufort-Jasper facility. Thwe are below the 1.0
requirement.

FW 2002, the sum of the ratios at the R!ver Mile
118.8 location was 0.0692. This is provided here only
for comparison bcause River Mile 118.8 is not a
community water system !ecatiM.

Radionuclide Concentretiona In River Hsh At
SRS, an important dose pathway for the maximally
exposed individual is from the consumption of fish.
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Table 5-2
Potential Does to the Maximally Exposed Individual from SRS Liquid Releases in 2002 0

Committed Applicable Percent

Doee (mrem) Standard (mrem) of Standard

Maximally Exposed Individual

Near Site Boundstv
(all liquidpathways) 0.12 I ooa 0.12

At Poti Wentworth
(publicwater supply OnlY) 0.05 ~b 1.25

At BaaufortJasper
(publicwater supply OnfY) 0.06 ~b 1.50

a A1l-pstivmydumrarendad. 100mrsmperyam(DOEOrder~0.6)
b Drtnkingwabr pathwaystandati 4 mremparyear(DOEOrder5400.5)

Fish exhibit a high deg= of bioaccumulation for
certain elements. For the element cesium (including
radioactive isotopes of cesium), the bloaccumulation
factor for Savannah River fish is approximately
3,000. That is, the concentration of cesium found in
fish flesh is abuut 3,~ times more than the
concentration of cesium found in the water in which
the fish live [Csrlton et al., IW4].

Because of ti]s high bioaccumulation factor,
cesium- 137 is more easily detected in fish flesh than
in river water. Therefore, the f~h pathway dose tiom
ccsium-137 is bsxcd directly on the radioanalysis of
the fish collcctcd near Savannsb River Mile 118.8,
which is the sssumed location of the hypothetical
msximally exposed individual. The fish pathway dose
from all other radionucIides is based on calculated
conantrations. Some fraction of tils estimated dose
is dac m cesium- 137 fmm worldwide fallout and
from neighhring Plant Vogtlq however, that amount
is difff cultto determine and is not subtracted frum the
total.

The dose determinations me accomplished by
substituting a cesium- 137 release value that would
result in the measured concentration in river fish,
assuming the site-specific bioaccumulation factor of
3,000. A weighted average concentration (based on
the number of fish in each composite analyzed) of
ccsimn- 137 in River Mile 118.8 fish wss used for
maximally expused individual and population dose
determinations.

Doee to the Maximally Expoeed Individual

As shown in tnble 5-2, the highest putential dose to
the mnximally exposed individual from liquid
relcsses in 2~ was estimated at 0.12 mrem
(0.~12 mSv). This dose is 0.12 Wrcent of DOE’s
100-mrem all-pathway dose standard for annual
expsure and was slightfy less than the 2001 dose of @
0.13 rnmm (0.M113mSv).

Approximately 39 pcrccnt of the do= to the
maximally exposed individual resulted from the
ingestion of cesium- 137, mainly from the
consumption of fish, and ahnut 40 percent resulted
from the ingestion (via drinking water) of tritium.
Abut 15 pemnt of the dose was attrihutcd to
unspccitied alpha emitters, which ze conservatively
assigned tbe dose factor fnr plutonium-239 in the
dose calculations (chapter 3).

Drinldng Water Pathway Persons dowmiver of
SRS may r=eive a radiation dow by cunsuming
drinking water that contains radioactivity as a result
nf liquid releases frofi the site. In 2002, bitium in
dowruiver drirddng water represented the majority of
the dose (abut 68 percent) received by persons at
dowmiver water treatment plantx.

The maximum putential dritilng water doses during
2002 were 0.06 mrem (0.0i306mSv) at the
Bcaufort-Jasper Water Treatment Plant and
0.05 nucm (0.~5 mSv) at the City of Savannah
[ndusbial and Domestic Water Supply Plant (port
Wentworth).

As shown in table 5–2, the maximum dose of
0.06 mrem (0.W mSv) is 1.50 ~rcent of the DOE ●
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standard of 4 nuem per year for public water

●
supplies. The 2~ maximum potential tiinking
water dose was slightly less than the 2001 maximum
dose of 0.07 nuem (0.~7 mSv).

The “Potential Dose” section of appendix A,
“Applicable Guidelines, Standards, and Regulations;
explains the differences between tbe DOE and EPA
dritilng water standards.

Collective (Population) Dose

The collective titnking water consumption dose is
calculated for the discrete ppu[ation groups at
Beaufofi-Jasper and Port Wentwortb. me collective
dose from other pathways is calculated for a diffuse
ppulation that makes use of the Savannah River.
However, this population cannot be described as
being in a specific geographical lwation.

in 2W2, the coilwtive dose from SRS !iquid releases
W* estimated at 3.9 peraen-rem (0.039 persOn-Sv).
This was 9 pereent less than the 2W1 collective dose
of 4.3 person-rem (0.043 persOn-Sv).

Potential Dose from Agricultural Irrigation

Based on ameys of county agricultural extension
agencies, there are no known large-scale uses of river

●
water downstream of SRS fnr agricultural irrigation
pm’poses. However, the potential for irrigation does
exist, ao potential doses from this pathway we
calculated for information proposes only but sre not
includd in calculations of tie offtcial maximally
expaed individual or collmtive doses.

For 2002, a potential offsite dose of 0.11 mrem
(0.001 1 mSv) to the maximally exposed individual
and a collective dose of 7.7 prson-rem
(0.077 pm’aon-Sv) were estimated for this exposwe
pathway.

As in previous years, collati ve dosm from
agricultural irrigation were calculated for l,~acres
of land devoted to each of four major fd
types-vegetation, leafy vegetation, milk, and meat.
It is assumed that all the fmd produced on the
1,000-acre parcels is consumed by tbe 80-km
population of 713 SW.

Alr Pathway

Atmospheric Source Terms

The 2W2 rdieac$ive atmospheric relmse qumtities
used as the source tem in SRS dose calculations are
pre%nted in chapter 3.

● In 2~, @ton-g5 accounted for about 40 percent
of the radioactivityy released to the atmosphere from

SRS. Becauae krypton is an inert noble gas, it causes
a relatively smal[ amount of dose m humam (less
than 1 percent of the maximally ex~sd individual
dose in 2W2).

Estimates of unmonitored diffuse and fugitive sources
were considered, as mquird for demonstrating
compliance with NESHAP regulations.

Atmospheric Concentrations

Calculated radionuclide concentrations are used for
dose detemdnatiom instead of measured
concentrations. This is because most radionuclides
releamd from SRS cannot be measured, using
smndard methods, in the air smnples collated at the
site pm’imeter and off.xitelocations. However, the
concenntions of witium oxide at the site perimeter
locations usually can be measured and are compared
with calculatd concentrations aa a verification of tie
dose models, as shown in data tables on the CD
accompanying this report.

Dose to the Maximally Exposed Individual

In 20V2, the estimated dose to the maximally ex~sed
individual waa O.~ nuem (0.0006 mSv), which is
0.6 percent of the DOE Order 5400.5 (“Radiation
Protwtion of the Public and the Envimnrnent”)
standard of 10 mrem per ymre This dose ia abut the
same as the final (revised) 2001 dose. For complete
revised results, refer to the “Errata” folder on the CD
accompanying this repmt.

Tab[e 5-3 compwes the maximally ex~sed
individual’s dose with the DOE atrurdard.

Tritimn oxide releaaes accounted for about 50 percent
of the dose to the maximally expsed individual.
I@Ine-129 emissions accounted for about 1.Spercent
of the maximally exWsed indlvidunf dose, and
plutOnium-239 emissinns account-~ for abut 14
percent. Nearly all the plutonium-239 releases were
estimated to be from diffuse and fugitive sources
(chapter 3).

The potential dose to the maximally exwsed
individual residing at the site boundary for each of
the 16 major compaas puin~ dlrations mound SRS
can be seen in the “SRS Maps” appendix (figure 9)
on the CD accompanying this report. For 2CS)2,the
due-north swtor of the site wm!he 10catiOnOf tie
highest dose to the maximally expuacd individual.

The major pathways contributing to the dose to the
maximally exposed individual from atmospheric
releases were inhalation [41 percent) and the
consumption of vegetation (45 ~rcent), cow milk
(9 percent), and meat (3 percent).

Additional calculations of the dose to the maximally
exposed individual were performed substituting goat
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Table 6-8
Potential Dose to the Maximally Exposed Individual from SRS Atmospheric Releases in 2002

MAXDOSE-SR CAPSS(NESHAP)

Crrlculsted dose (mrem) 0.06 0.04

Applicable standsrd (mrem) I@ 10b

Percent of etandard 0.6 0.4

s DOE DOEOrder54W.5, FebrusryS, t 9W
b EPA.(NE*AP) 40 CFR el SubFSrtH, DecemWr15,1989

milk for the customary cow milk pathway. The
putential dose using the goat milk pathway also was
eatirnatcd at 0.06 nrrem (0.~ mSv).

Collective (Population) Dose

In 2002, the collective doac was estimated at
3.0 ~HOn-rem (0.30 pcrsOn-Sv)--less than 0.01
percent of the collective dose rweived from natural
sources of radiatio n(abnut214,~ ~on-rem).

Tritiunr oxide. relcaaea uccmrntcd for 56 ~rcent of the
collective dose. The 2002 collective dose waa abinrt 6
percent Icss thsn the 2001 fired (fsviscd) collective
dose of 3.2 person-rem (0.032 person-Sv). For
complete revised results, refer to the “ErTata” foldw
on the CD accompanying his repnfi.

NESHAP Complienee

To demonatmte compliance with NESHAP
regulations, mnximally expnssd individual arrd
collwtive doses wm calculated, mrd a percentage of
dose contribution frum each radionuclide was
determined using the CAP88 computer code [EPA,
1999a]. The dose was estimated at O.W nrrem
(0.0Ci34mSv), which is 0.4 percent of the
10-mrem-per-year EPA standard, as shown in
table 5–3. Tritirrm oxide relwses accounted for about
85 percent of this dose.

Tbe CAP88determined collwtive dose was
estimated at 5.5 person-rem (0.055 prsOn-Sv),

Tritium oxide releases alsn accounted for abnut 85
percent of this dose,

The CAP88 cnde estimates a bigher dose for tritium
oxide than do the MAXDOSESR and
POPDOS~R codes. Most of the d~fferences cccur
in the tritium dose estimated from frmif consumption.
The major cause of Wls difference is tbe CAP88
crrde’s use of 1~-percent cquifibrium betwmn
tritium in air moisture a“d tiitimn in fo~ moi~t”re,

whercaa the MAXOOSMR and POPDOSE<R
cedes use 50-prcent equilibrium values, as
recommended by the NUCIW Regulatmy
Commission ~C, 1977]. A site-specific study
indicated that the 5&percent value is corrwt for the
atmospheric conditions at SRS [Hamby and
Bauer, 1994].

Because tritium oxide dominates the do%s
determined using the CAP88 cnde, and because the
CAP88 code is Iimitcd to a single, center-of-site
relcaae location, other radlomrclides (such aa
plutmrium-239) ace less imporiarrt+n a
percentage-of-dose basis-for the CAP88 doses than
for the MAXDOSE-SR and POPDOSMR doses.

All-Pathway Dose

To demonstrate compliance with the DOE Order
5@,5 all-pathway dose standard of 1~ mrem pcr
year (1.0 mSv per yenr), SRS conservatively
mmbines the maximally ex~sed individual airkrne
pathway and liquid pathway dose estimatca, even
though the two doses w calculated for hypntbetical
individuals residing at different gwgraphlc Incations.

For 2002, the pntentiai maximally ex~scd individual
all-pathway dose was 0.18 mrem
(0.W18 mSv)-O.06 mrem from airbnme pathway
plus 0.12 mrem from liquid pathway, which is 0.18
percent of the 100-tiem-per-yez DOE dose
standard. This dose is slightly less than the 2~ 1 final
(revised) all-pathway dose of 0.19 rnrem (0.W19
mSv). For complete revised results, refer to the
“Errata” folder on the CD accompanying this repn.

Figure 5-1 shows a 1O-YW history of SRS’S
all-pathway doses (airhnme pathway plus liquid
pathway doses to the maximally expscd individual).

Spofisman Dose

DOE Order 5400.5 specifies radiation dose stmdards
for indlvid~l members of the public. The dose
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standardof 1W rnrem per year includes doacsa
prson rweiv~ from routine DOE operations through
all expsure pathways. Nontypical exposure
pathways, not included in the standard calculations of
the doses to the maximally ex~sed individual, are
considered and quantified sepmately. This is kause
they apply to low-probability scenarios, such as
consumption of fish caught exclusively frnm the
mouths of SRS streams, or to unique scenarios, such
as voluntir deer hunters.

In addhinn to deer and fish consumption, the
following exposure pathways were considered for an
nffsite hunter and an offsite fisherman-both on a
privately owned portion of the Savannah River
Swamp (Creek Plantation):

. External expsure to contaminated soil

. Incidental ingestion of contaminated soil

. Incidental inhalation of resuspended
contaminated soil

In the 1960s, an ama of the Savannah River Swamp
on Creek Plantation was contaminated by SRS
operations (chapter 4).

OnslteHunter Dose

Deer and Hog Consumption Pathway The
estimated dose frnm consumption of the harvested
deer or hog meat is detertnincd for every nnsite
hunter.

During 20132,the maximum potential dose that ceuld
have bmn rweivcd by an actual nnsite hunter was

estimated at 39,5 mrem (0.395 mSv), or 39.5 percent
of DOES 1~-nuem all-pathway dose standard (table
5-4). This dose was determined for a hunter who in
fact harvested two dcsr during the 2W2 hunts. The
hunter-dnse calculation is basal on the conservative
assumption that this hunter individually consumed
the entire tilble prtinn-approximately 62 kg
(137 Pcmndsxf the dser he harvested from SRS.

Offsite Hunter Dose

DearConsumptionPathway The deer
consumption pathway considered was fnr a
hypothetical offsite individual whose entire intake of
meat during the year was deer meat. It wss assmned
that this individual harvested deer that had resided on
SRS, but then moved off site.

Based on these Iow-probability assumptions and on
the measured average conccntratinn of cesium- 137
(4.0 pCi/g) in all deer harvested from SRS during
2~, the ~tential maximum dose from this pathway
was estimated at 12.2 mrem (O.122 mSv). A
background cesium-137 concentration of 1 @i/g is
subtracted from the onsite average concentration
before calculating the dose. The back~ound
concentration is based on previous analyses of dwr
harvested 80 km from SRS (table 33, SRS
Environmental Data&r 1994, WSRC-TR-95477).

Savannah River Swemp Hunter Soil Exposure
Pathway The potential dose to a rwreational bmiter
expsed to SRS legacy contmnination in Savannah
River Swamp snil on the privately owned Crsek
Plantation in 2002 was estimated using the RESRAD

0.4

0.3

E
g 0.2

0.1

0.0

Year

IleafGraphic

Figure e-l Ten-Year History of SRS Potential All-Pathway Doses to the Maximslly Exposed Individual
(Airborne plus Liquid Pathways)
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Table ~
2002 Maximum Potential All-Pathway and Sportsman Doses Compared to the DOE All-Pathway
Dose Standard

●

Maximally Exposed Individual Dose

A1l-Pathwsy
(Liquid Plus Airborne Pathwsy)

Sportsman Dosea

Onaite Hunter

Creek Mouth Fiahermanb

Ssvannah River Swamp Hunter

Offsite Deer Consumption

Soil =posure’

Total Offaite Hunter Dose

Sevannah River Swsmp Fishermsn

Steel Creek Fish Consumption

Soil -poaured

Total Offsite Fiahermsn Dose

Committed Applicable Percent
Dose (mrem) Standarda (mrem) of Stsndard

0.18 f 00 0.18

39.5 100 39.5.

0.35 f00 0.35

12.2

4.4

16.6 f 00 f 6.6

0.08

0.54

0.62 f00 0.62

a All-pathwaydosestandati. 100mrempr year(DOE Order5400.5) c
b In2002,thsmsximunifishemn dosewasmusadbythemnsumptionofbassfromthamti ofLowsrThrssRuns.
c In$udesthsdossfroma combinationof externalexp@suratc-and IncidentalIngestionandinhalationof—tis

woratess SavannahRivarSwampsoil
d Indudssthedoss from a combinationof extamal ex~ura t-rd incidentalIngestionand inhalationof-Savannah

RivsrSwamp sail near the mom of Stssl Creak

dosimetry code (DOE Order 54CCI.5).It was assumed
that tils ~reational sportsman hunted for 120 hours
during the yew (8 hours Wr day for 15 days) at the
location of maximum radionuclide contamination.

Using the worst-case radionuclide concentrations
from the most recent comprehensive
survey--conducted in 2000-the ~tential dose to a
hunter from a combination of (1) external expsure to
the contaminated soil, (2) incidental ingestion of the
soil, and (3) incidental inhalation of resuspended soil
was estimated to he 4.4 mrem (0.044 mSv).

As shown in table 54, the offsite deer consumption
pathway and the Savannah River Swamp hunter soil
exposure pathway were conservatively added
together to obtain a total offsite hunter dose of 16.6
nuem (0.0166 mSv). This potential dose is 16.6
percent of the DOE 100-nuem all-pathway dose
standard.

Offsite Fisherman Dose

Creek Mouth Flab Conaumptlon Pathway For
20i)2, analyses were conducted of fish taken from the
mouths of five SRS streams, and the subsequent
estimated doses.

As shown in table 54, the maximum potential dose
from this pathway was estimated at 0.35 nuem
(0.0035 mSv) from the consumption of bass collated
at tbe mouth of Lower Thrm Runs. Th]s h~thetical
dose is based on the low-probability scenario that,
during 2C02, a fisherman consumed 19 kg of bass
caught exclusive y from the mouth of Lower Three
Runs. About 98 percent of tils potential dose was
from cesium-137.

Savannah River Swamp Fisherman Soil Exposure
Pathway The potential dose to a recreational
fisherman exposed to SRS legacy contamination in
Savannah River Swamp soil on the privately owned
Crmk Plantation in 2002 was estimated using the
MSRAD dosimetry cede. R was assumed that this ●
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recreational sportsman fished on the South Carolina
O ba”koftheSava”nahRiver”emtiemoutiofSteei

Creek for 250 hours during the yew.

During the comprehensive survey of the Savannah
River Swamp conducted in 2CH30,the location on
Creek Plantation that was closest to the South
Carolina bank of the Savannah River and the mouth
of Steel Creek was on trail 1, at a distance of Ofwt
from the Savannah River.

Using tbe radionuciide concentrations measured at
this location, the potential dose to a fisherman from a
combination of 1) external exposure to the
contaminated soil, 2) incidental ingestion of the soil,
and 3) incidental inhalation of resuspended soil was
estimated to be 0.54 nuem (0.0054 mSv).

As shown in table 54, the maximum Steel Creek
mouth fish consumption dose (0.084 mrem) and the
Savannah River Swamp fisheman soil exposure
pathway were conservatively added together to obtain
a total offsite creek mouth fisherman dose of 0.62
mrem (0.0062 mSv). This potential dose is 0.62
percent of the DOE 100-mrem all-pathway dose
standard.

Potential Risk from ConaumDtion of SRS

9
Crack Mouth Fish

During 1991 and 1992, in response to a US. House
of Representative Appropriations Committee request

for a plan to evaluate risk to tbe public from fish
collected from the Savannah River, SRS
developed—in conjunction with EPA, the Georgia
Department of Natural Resources (GDNR), and the
South Carolina Department of Health and
Environmental Control (SCDHEC>the
Westinghouse Savannah River

Company/Environmental Monitoring Section Fish
Monitoring Plan, which is summarized in SRS EM
Program, 2001. Part of the reporting requirements of
this plan 6re to perform an assessment of radiological
risk from the consumption of Savannah R]ver fish,
and to summarize the results in the annual SRS
Environmental Report.

Risk Comparisons For 2002, the maximum
potential rad]ation doses and lifetime risks from the
consumption of SRS creek mouth fish for 1-year,
30-year, and 50-year ex~sure durations are shown in
table 5-5 and are compared to the radiation risks
associated with the DOE Order 5400.5 all-pathway
dose standard of 100 mrem (1.0 mSv) per year.

The potential risks were estimated using the cancer
morbidity risk coefficients from Federal Guidance
Report No. 13 [EPA, 1999b].

The maximum recreational fisherman dose was
caused by the consumption of bass collected at the
mouth of Lower Three Runs. About 98 percent of the
dose was attributed to cesium-137.

Tsble 5-5
Potentisl Lifetime Risks from the Consumption of Ssvannah River Fish Compared to Dose Standsrds

Committed Potential Risks
Dose (mrem) (unitless)

2002 Ssvannah River Fish
l-Year Exposure 0.35 2.6E+7

30-YearExposure 10.5 7,eE-06

50-YearExposure 17.5 1.3E-05

Dose Standard
100-mrem/yesr All Pathway
1-YearExposure 100 7.3E-05

30-YearExposure 3,000 2,2E-03

50-YearExWsure 5,000 3,7E-03

a Itshouldbenotedthatall radiologicalriskfactorsare basedonobservedand dccumentti healthsffeclsto actual
psoplewhohave receivedNghdoses (morethan 10,000mrem)of radiation,such as the Japanese atomicbomb
suwlvors.Radiologicalrisksat lowdoses (less Wan10,000mrem)are theoreticaland are estimatedby eairapolating
the obsewed healtheffectsat highdosesto tie low-dosereoionby usinga linear,nc-thresholdmodel. However,

a
csncerand other healtheff- have notbeen obsewed Consistentlyat low ratiation doses bac6use the health risks
eithsrdo not sxistor are so low that they are undetectableby currentscientificmethcds
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Figure 6-2 Ten-Year History of Annual Potential Radiation Doses and 50-Yaar Potential Risks from
Consumption of Savannah River Creak Momh Fish.

Figure 5-2 shows a 10-year history of the annual
putential radiation doses from consumption of
Savannah REver fish. No apparent trends can k
discerned from these data. This is because there is
large variability in the annual strontium-90 and
cesium- 137 concentrations measured in fish from the
same Iucation due to differences in

. the size of the fish collected each year

. their mobility and Iucation within the stream
mouth from which they are collected

. the time of yea they are collected

. viability in the amount of strontium-90 and
cesium- 137 available in the water and sediments
at the site stream mouths< aused by annual
changes in stream flow rates (turbulence) and
water chemistry

As indicated in figure 5-2, the 50-year maximum
potential lifetime risk from consumption of SRS
creek mouth fish was 1.3E-05, which is below the
50-year risk (3.7E43) associated with the
100-mrem-per-year dose standard.

According to EPA practice, if a ptential lifetime risk
is calculated to bc less than 1.OE-06 (i.e., one
addhional case of cancer over what would be
expected in a group of 1,000,~ people), then the
risk is considered minimal and the comespGndtng
contaminant concentrations are considered negligible

If a calculated risk is more than 1.OE-04 (one
additional case of cancer in a population of 10,O@),
then some form of conective action or remediation
usually is required. However, if a calculated risk falls
between 1.OE+ and 1.OE-06, wh~chis the case with
tbe maximum potential lifetime risks from the
consumption of Savannah River fish, then the risks
are considered acceptable if they are kept as low as
reasonably achievable (ALARA).

At SRS, the following programs are in place to
ensure that the potential risk from site radioactive
liquid effluents (and, therefore, from consumption of
Savannah River fish) are kept ALARA:

. radiological liquid effluent monitoring program
(chapter 3)

. radiological environmental surveillance program
(chapter 4)

● environmental MARA program
[SRS EM Program, 2W1]

Dose to Aquatic and Terrestrial
Animal Organisms

DOE Order 5400.5 establishes an interim dose
standard for protection of native aquatic animal
organisms. The absorbed dose limit to these
organisms is 1 rad per day (0.01 Gy per day) from
expnsure to radioactive material in liquid effluents
released to natural waterways.

o
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Potentia/ Radiafion Doses

g :::\::::z:::::s%?ng
For 2M2, a screening of biota doses at SRS was
pcrfonncd using the DOE Biota Concentration
Guides (BCGS) listed in the pmposcd DOE standerd
entitled A Graded Approach for Evaluating Radiation
Do$@. to Aquaric and Terrestrial Biota [DOE, 2002].

The aquaticsystemsevaluation includes exposures to
primary (herbivores) and secondary (predators)
aquatic animals, and the BCGS are based on the
l.O-rad-~r-day dose limit. Aquatic plants are not
considered.

The tei-resmialsystems evaluation includes ex~sures
to terrestrial plants and animals and is based on a
iO-rad-~r-day dose limit for plants and a
O.1-rad-per-day dose limit for animals.

For the aquatic systems evaluation portion of the
BCGS, an initial screening was perfomed using
maximmn radionuclide concentration data for the 12
EMS stream sampling locations from which
co-lecated water and sediment samples are coil-ted.
An exception to this was made for sample location
FM-2B (located on Fomile Branch between F-Area
and H-Area) because of its historically high ccxium

@ inc[ud~inth.initialsc=ningeventho”ghno
and tritium conccnmation levels. This location was

co-located sdlment smnple was collected there.

The combined water-plus-sediment BCG sum of the
ratios was used for the aquatic systems evaluation. A
sum-of-the-ratios value less than one indicates the
sampling site has passed the initial pathway scrccn.

For the terrestrial systems evaluation pmtion of the
ECGS, an initial scrmning was perfonncd using
concentration data from the five EMS onsite
radiological soil sampling locations. Only one soil
sample Fr year is collected from each Iwation.

For 2W2, streum sampling locations R-l—located
adjacent to R-Reactor near the center of SRS—and
FM-2B failed the initial aquatic systems screen. All
other locations, includlng the five soil samplirig
Imations, passed.

For the two locations that failed, an additional
sasessment was performed using annual average
radionuclide concentrations. Sample location FM-2B
passed this secondary scr=n (the sum of the ratios of
each wus less than 1.0), but R–1 dld not kause of
elevated cesium- 137 concentrations in water and
sediment samples. The potential overex~sure at R-1
was to a fiparim animal (raccmn) that was assumed
to have lived, and have consumd all of its fd, at
WISlocation. Additional smnpling and analysis will
be pcrfcmnti in the vicinity of R-1 in 2003 to
detemine the extent of the Wtential problem.
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Chapter 6

Groundwater
Jim Heffner, John Reed, and Dan Wells
Environmental Services Section

Bob Hiergesell
Environmental Sciences and Technology

GROUNDWATER protection at the Savannah
River Site (SRS) has evolved into a pro~am
with the following primery compnenw

● Pro&t groundwater by gond practices in
managing chemicals and work.

● Monitor groundwater to identify areas of
contamination.

● Rcmediate contamination as needed.

● Use ~oundwater wisely to conserve.

SRS o~ations have contaminated groundwater
around ccrmin waatc disposal facilities. Extensive
monitoring and remdlation programs are tracking
and cleming up the contamination. Remediation

, i“~~(l)$cl osing of waste sites to reduce the
ml atlon o ontaminanta into groundwater and (2)
the active treammnt of contaminated water.

No offsite wells have been contaminated by the
migration of SRS groundwater.

This chapter describes SRS’S groundwater
environment and the programs in place for
investigating, monitoring, remdlating, and using the
groundwater.

SRS groundwater monitoring results for 2002 are
summarized in the Savaromh River Site Soil and
Groundwater Closure Projects 2~2 Annual Report
(http://www.srs.gov/general/enviro/erd/gen/geninf.ht
ml) Additional information and updates abut
groundwater monitoring, contamination, and cleanup
can bc found in the Federal FaciIity Agreement
Annual Progress Report for FY .2W2
(http://www.srs. gov/generaUenviro/erd/ffa/ffa.html).
Alsu, beginning in 2002, an annual report covering
the previous year of the Groundwater Surveillance
Monitoring Program (ESH-ECS-2002_189) was
issued.

Groundwater at SRS

@

SRS is underlain by sediment of the Atlantic Coastal
Plain. The Atlantic Coastal Plain consistsof a
southeast-dippingwedge of unconsolidated sediment

that extends from is contact with the Piedmont
Province at the Fall Line to the edge of the
continental shelf. The s~lment ranges from Late
Cretaceona to Mixene’in age and comprises layers af
sand, muddy sand, and clay with subordinate
calcarmus sdlments. It rests on crystalline and
sedimentary basement reck.

Water flows easily through the sand layers but is
retarded hy less ~rmeable clay beds, creating a
complex aystcm of aquifers. Oprations dining the
life of SRS have resulted in contamination migrating
inta ~oundwater at vmious lucations on the sits,
predomimntly in the central areas of the site. The
ongoing movement of water into the ground, through
the aquifer system, and then intn stieams and
lakes--or even into dcaper aquifers-continues to
carry contamination along with it, resulting in
spreading plmnea.

The hydrostratigraphy of SRS has been subjwt to
several classifications. The hydrosrratigraphlc
classification established in Aadland et al., 1995, and
in Smits et al., 1996, is widely used at SRS and is
regarded as the cur’rent SRS standard. This system is
consistent with the one used by th$ U.S. Geological
Survey (USGS) in regional studies that include the
area surrounding SRS [Chuke and West, 1997].
Figure 6-1 is a chart that indicates the relative
position of hydros@atigraphlc units and relates
hydrostratigraphlc units to corresponding lithologic
units at SRS and to the geologic time scale. This chart
w= modified from Aadland et al., 1995, and Fallaw
and Ptice, 1995.

The hydrostratigraphic units of primary interest
beneath SRS are part of the Southeastern Coastal
Plain Hydrogcologic Province. Whhin this sequence
of aquifers and confining units are two principal
subcategories, the overlying Floridan Aquifer System
and the underlying Dublin-Mldville Aquifer System.
These systems are separated from one another by the
Meyers Branch Confining System. In turn, each of
the systems is sutiivided into two aquifers, which are
separated by a confining unit.
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In the central to southern portion of SRS, the Floridan
Aquifer System is divided into the overlying Upper
Three Runs Aquifer and the underlying Gordon
Aquifer, which are separated by the Gordon
Confining Unit. North of Up~r Three Runs Cr&k,
these units are collwtively referred to as the Std
Pond Aquifer, in which the Up~r Three Runs
Aquifer is called the M-Area Aquifer zone, the
Gordon Aquifer is referred to as the Lost Lake
Aquifer zooe, and tk aquitard that separatcc them is
referred to as the Green Clay confining zone
[Aadland et al,, 1995]. The Upper Thrw Runs
Aquifer/Steed Pond Aquifer is the hydrostratigmphic
unit witiln which the water table usually mum at
SRS; hence, it is informally refereed to as the “water
table” aquifer.

The Dublin-Mldville Aquifer System is divided into
the overlying Crouch Branch Aquifer and the
underlying McQucen Branch Aquifer, which are
separatsd by the McQuan Branch Confining Unit.
The Crouch Branch Aquifer and McQuwn Branch
Aquifer are munes that originated at SRS [Aadland et
al., 1995]. These uniIs sre equivalent to the Dublin
Aquifer ati the Midville Aquifer, which are rmmes
originating with the USGS [Clarke and West, 1997].

Figure d-2 is a thw-dimensional block diagram of
the hydrogeologic units at SRS and the generalize
groundwater flow patterns within those units. These
units are from shallowest to dmpest the Upper Tbrw
RutiStced Pond Aquifer (or water table aquifer), the
Gordofiost Lake Aquifer, the Crouch Branch
Aquifer, nud the McQueen Branch Aquifer.

Groundwaterrecharge is a result of the infiltration of
praipitation at the land stiace the precipitation
movesvertically downward tbrougb the unsaturated
zone to the water table. Upon entering the saturated
zone at the water table, water moves predominantly
in a horizontal direction toward local discharge zones
along the headwaiters and midsections of streams,
while some of the water moves into successively
dti~r aquifers. The water lost to successively deeper

aquifers alsOmigrates laterally wi~in tfrOseuni~
towwd the more distant regional discharge zones.
These typically are lmated along the major streams
and rivers in the area, such as the Savannah River.
tioundwater movement within these units is
extremely slow when compared to smface water flow
rates. Groundwater velocities also are quite different

o
between aquitards and aquifers, ranging at SRS from
several inches to several f~t ~r year in aquitards and
from tens to hundreds of feet ~r year in aquifers.

Monitoring wells are used extensively at SRS to
assess the effect of site activities on groundwater
quality. Most of the wells monitor the upper
groundwater zone, although wells in lower zones are
present at the sites with the larger groundwater
contamination plumes. Groundwater in some srcas
contains one or more constituents at or above the
levels of the DWS of the U.S. Environmental
Protwtion Agency (EPA). These areas can be awn in
figure 14 of the “SRS Maps” appendix on the CD
accompanying tils reprt.

Groundwater Protection

Program at SRS

The SRS gro.ndwater program was audited hy both
the U.S. Depmtment of Energy (DOE) and WSRC
during 2~ and 2CHJ1.Findings of these assessments
have resulted in an ongoing evalmtion of the goals
and priorities of the site groundwater program,
illustmted by a revision of the Groundwater
Prntcction Management Program Plan (GP~,
WSRC-TR-2001-O0379) to codify improvements to
the progam. The GPMP descrik elements of the
SRS program that are designed to meet federal and
state laws md regrdatiom, DOE orders, and site
policies md prncedurea. These elements include

. investigating site groundwater

● using site ~oundwater

. protecting site gronndwater

● monitoring site groundwater

● remcdiating contaminated site ~oundwater

SRS identified spwitic program goals in each of
these areas to rtmintain its commitment to a
groundwater program that protwt~ human health and
the environment. Groundwater monitoring is a key
tml used in each of the first four elements, and
monitoring resulk fom the basis for evaluations that
ae reprted to site stakeholdera.

Investigating SRS Groundwater

An extensive program is in place at SRS to acquire
new data md information on the groundwater system.
This program is multifaceted and is conducted across
departmental boundaries at the site bmause of the
different charters and mandates of these
organizations. Investigations include both the
collwtion and analysis of data to understand
groundwater conditions on regional and local scales
at SRS. Research efforts at the site generally are
conducted to obtain a better understanding of
subsurface processes and mechanisms or to define
new approaches to subsurface remediation.
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recharge areas generally migrates downward as well = Casement Rock‘e”cretace”us m Unsaturated Zone

as Iaterallyaventually either dischargingintothe
Savannah River and its tributariesor migratinginto ~ Confining Unit = fifl~~h ““e’
the deeper regionalflow system.

Mcdifmd(m Chti W West,1997 ~ .q.if.r Unit + ~~~~~;’$;n

Investigative effom focus on the collection and
an~y$is of data to characterize the groundwater flow
system. Characterization efforts at SRS include the
following activities:

. the coll~tion of geologic core material and the
~rfcmning of seismic profiles to better delineate
subsurface sh-uctural features

. the installation of wells to allow the pfiodic
collection of both water levels and greundwater
samples at strategic lecations

● the development of water table and
ptentiometric maps to delineate the direction of
groundwater movement in the subsurface

. the performance of various types of tests to
obtain in situ estimates of hydraulic parameters
nwded to estimate groundwater velmities

Analysis of data on the regional scale is needed to
provide a bread understanding of groundwater
movement patterns at SRS that can & used as a
framework to better understand the migration of
contaminants at the l~al scale near individual waste
units. Surface water flow characteristics also are
defined at the site on the regional scale and ue
significant to risk analyses bmause Wrennial streams
are the raeptors of groundwater discharge-some of
which contains contaminants from SRS wsste units.
Becausethe site boundary dws not representa
glOUndwatet bundary, regional studies we helpful in
understandingthe movement of groundwaterbeth
onto the site from the surroundingarea and vice
versa.

The collation and analysis of data describing
subsurface hydmgcologic conditions at or na
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individual waste units is ndcd to design effective

o ..” ,remcdratlon systems Chsractcrimtion embracm both
traditional and Innovative technologies to accomplish
this goal. The installation of monitoring wells and
piezometers is a tmditional investigative methed to
allow the collection of(1) water levels, which are
used to define tlow directions, and (2) groundwater
samples, which are analyzed to monitor contaminant
plume migration within the groundwater flow system.
Elatric logs acquired during well installation are
used to delineate the subsurface hydrosmati~aphy.
Examples of newer technologies include the use of

. direct-push technology, such as the cOne
pnetrometer, to coll~t one-time groundwater
samples at investigation sites and to help
estiblish hydrostiatigaphic contacts

● the “rotosonic” method for bore holes to collect
core md install wells

Numerical models have been used extensively as an
analytical tonl at SRS for hth regional- and
IncaI-scale investigations. Models have b=n utilized
for a variety of reasons, but primarily to (1) define
the regional gmundwater movement patterns at SRS
and the smotmdlng areas, (2) enhance the
understanding of contaminant migration in the

o
subsufiace, and (3) supprt the design of remediation
systems. At SRS, major groundwater modeling
efforts have fucused on AfM-Area, F-Ares, H-Area,
the Barial Ground Complex, and several of the
reactor sreas where the most extensive subsurface
contamination is known to exist.

Research on goundwater issues is conducted at SRS
to obtain a better understanding of subsurface
m=hanisms, such as (1) tbe interaction of
contaminants with the Prous mdla matrix, and (2)
the factors that impact the rate of migration of
contmninants witfdn the groundwater flow system.
Research to address relevant issues often is conducted
through cooperative studies with investigators at
vwious public universities and private companies,
while other efforts are conducted exclusively by SRS
employees.

Using SRS Groundwater

SRS derives its own dritilng and production water
supply from groundwater. The site ranks as South
Carolina’s largest self-supplied industrial consumer
of groundwater, utilizing approximate y 5.3 million
gallons pcr day. SRS domestic and process water
systems we supplied from a network of

e
approximately 40 site wells in widely scattered
locations across the site, of which eight supply the
primary drinking water system for the site. Treated

well water is supplid to the larger site facilities by
the A-Area, D-Arcs and K-Area domestic water
systems. Each system has wells, a treatment plant,
elevated storage mnks, and distribution piping. The
wells rsnge in capacity from 200 to 1,5W gallons .~r
minute.

These thrw systems supply an average of 1.1 million
gallons pcr day of domestic water to customers in
these srcas. The domestic water systems supply site
drinking fountains, lunchrooms, restrooms, and
showering facilities with water meeting state and
federal drinking water quality standards. Process
water is used for equipment cnoling, facility
washdown water, and as makeup water for site
cooling towers and production pmccsses.

The South Carolina DeparOnent of Health and
Envirmunenta[ Control (SCDHEC) periodically
samples the large- and small-system wells for Safe
Drinking Water Act conmminants. An unscbedulcd
biannual SCDHEC sanimry survey alsn is pcrfonncd.

In 1983, SRS bgan re~rting its water usage
annually to the South Csrolina Water Resources
Commission (and later to SCDHEC). Since tfrat time,
the amount of gmundwater pumped on site has
dropped by 50 ~rcent—tiom 10.8 million gsllons
per day during 1983-1986 to 5.3 milhon gallons pcr
day during 1997-2~. The majority of tlds decrease
is am-ibutable to the consolidation of site domestic
water systems, wbicb wss completed in 1997.
Thirteen separate systems, each with its own supply
wells, were consolidated into tfuce systems lncatd in
A-AI=, D-Area, and K-Arcu. Site facility shutdowns
and reductions in population were also contributing
factors. The smount of ~oundwater pumped at SRS
has hsd only localized effects on water levels in the
Cretaccous aquifers, and it is unlikely that water
usage at the site ever will cause dmwdown problems
that could impact sm’rounding communities.

The prccess water systems in A-Area, F-Area,
H-Area, K-Area, L-Area, S-Area and TNX-Area
meet site demands for ~il~r fecdwater, equipment
cooling water, facility washdown water, and makeup
water for cnoling towers, fire storage tanks,
chilled-water.piping lWPS, and site test facilities.
These systems are supplied from ddlcatcd process
water wells ranging in capacity from 100 to 1,5W
gallons per minute. In K-Area, the prmess water
system is supplied from tbe domestic water wells. At
some locations, the prucess water wells pump to
ground-level storage tanks, where the water is treated
for corrosion control. At other locations the wells
directly pressurize the process water distribution
piping system without supplemental treatment.
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The site groundwater pmtcction program inte~ates
information learned about the properties of SRS
aquifers with site demand for drinking and PMC=S
water. SRS emurca a high level of drinking water
supply protection by Perfoming (1) monitoring
above and beyond SCDHEC monitoring and (2)
peridlc evaluations of prediction wells. Additional
prot=tion will be realized under a site wellhead
protection program that meets the requirements of the
South Carolina Source Water Assessment Program
described blOW.

Protecting SRS Groundwater

SRS is committed to protecting the groundwater
resource beneath the site. A variety of activities
coritribute to tils goal, includlng

. construction, waste mamgement, and monitoring
efforts to prevent or contiol sources of
groundwater contamination

. monitoring programs @th groundwater and
sutiace water) to detect contamination

. a strong greundwater cleanup pro~am through
the Soil and Groundwater Closure Projects
Department

Monitoring around waste dispsal sites and operating
facilities provides the best means to detit and track
groundwave.rcontamination. To ensure that no
unknown contamination prises a risk, SRS depends
on a sitewide gmundwater monitoring and protection
effort-the site Groundwater Surveillance
Monitoring Pm~am (GSMP). This new progrmn is
an upgraded replacement of the site sc=ning
progam.

One goal of the GSMP is to protect potential offsite
receptors from contamination by detecting
contamination in time to apply appropriate commtive
actions. SRS is a large site, and most groundwater
contamination is located in the central site weas.
However, the petential for offsite migration exists,
and the consequences of such an outcome we serious
enough to warrant a comprehensive prevention
pro~am.

SRS has evaluated gmundwater flow and determined
for each aquifer, where groundwater flows across the
site boundary, since the location of groundwater flow
would be a conservative s“mogate for any potential
contaminant migration.

Another pathway for existing groundwater
contamination to flow offsite is by discharge into
surface streams and subsequent trans~rt into the
Savannah River. SRS monitors site streams for
contamination, and new wells have been installed in

recent yea~ along several site streams to detect
contamination before it enters the stream and to
assess its concentration in groundwater.

Monitoring SRS Groundwater

The groundwater monitoring program at SRS gathers
information to determine the effect of site operations
on groundwater quality. The program is designed to

. assist SRS in complying with environmental
regulations and DOE diratives

. provide data to identify and monitor constituents
in the groundwater

. ~rmit chmacterization of new facility locations
to ensure that they are suitable for the intended
facilities

. support basic and applied research projects

The groundwater monitoring program at SRS
includes two primary components: (1) waste
sitdremdlation gmundwater monitoring, overseen
by the Geochemical Monitoring (GM) group of the
Soil and Groundwater Closure Projects Department,
nnd (2) gmundwater surveillance monitoring,
conducted by the Environmental Services Sation. To
assist other departments in meeting their
reswnsitdlities, personnel of totb organizations
provide the services for installing monitoring wells,
collecting and analyzing anmples, and reporting ●
results.

The WSRC Environmental Compliance Manual
(WSRC-3Q1) provides details about the following
as~ts of the ~oundwater monitoring progrm.

. well siting, construction, maintenance, and
abandonment

.
. sample planning

. sample collection and field measurements

. analysis

. data management

. related publications, tiles, and databases

Monitoring data me evaluated each yea to identify
unexpated results in any site wells that might
indicate new or changing groundwater contamination.

SRS is cooperating with SCDHEC to develop and
implement source water assessment and protection
programs. After an assessment program has been
aPProvd and implemented, the SRS groundwater
protection program will focus on protection efforts.
The primary aspt of the source water assessment
and protection programs will .be wellhead protection,
given that SRS derives its dritilng water exclusively ●
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Sample Scheduling and Collection

The Geot&hnical Monitoring group and the Environmental Servicas Section achadule groundwaler
aampfingeither in responseto specificrwuesls fmm SRS personnelor as part of their ongoinggroundwater
monitoringprogram. These groundwater samples provida data for repotis required by federal and state
regulationsand for internal reportsand research projacts.The groundwatermonitoringprogram achedulea
wells to be sampled at intervals ranging from qumterfy to triennially.

Constituentsthat may be analyzed are commonly imposed by permitor wok plan approval. Those include
metals, fiefd parameters, suites of herbicides, pesticides, volatile organica, and othera. Radioactive
constituentsthat maY be analyzedby requestincludegrossalpha and beta measurements,gamma emitters,
iodine-l 29, stronfium-90, radium isotopes, uranium isotopes, and other alpha and beta emitters.

Groundwater samples are rnllected from monitoringwells, generally with either pumps or baifera dedicated
to the well to prevent croaa-conteminafionamong wells. Occasionally,portablasamplingequipment ia us~,
this equipmerit is decontaminated between wells. ,

Sampling and shippingequipmentand proceduresare consistentwith EPA,,SCDHECUandU.S. Dapartmeni
of Transportationguidelines. EPA:racommended preservatives and samPle-handLn9t~hniques are us~
during iampla” storage and transportation to both onsite and offsite analw[cal laboratories. Potentially
radioad’iye~mples are screened for total ~cfivi~ (alpha a~ beta emitters) prior to shipment to d:termine
appmpriate’picbging and Iabefingraquimmenfa.

7.. r :, !

Deviations (cauW’ by d~ wells, inoperativepumps, etc.)”from~hedul,~.~mplng and amlyais’for ~ are
entered into the site’sgmundwater database and issued in appropriate reports.

from groundwater. Other aspects will include
strategies for preventing contamination and
controlling existing contamination through the SRS

*...
program The program wiil evaluate waste
mmimlzatlon, spdl prevention and control, well
abandonment, and future land use. More information
aheut tils initiative can be found at
http//www.epa.gov/safewater/pmt=t, html.

Remediating Contaminated SRS
Groundwater

SRShasmaintained an environmental restoration
effort for many years. Soil and Groundwater Closure
projects personnel m~age gOundwater cleanup Of
contaminated groundwater associated with Resource
Conservation and Rscovery Act @CRA) hazardous
waste management facilities or Federal Facility Act
units. Their mission is to aggressively manage the
inactive waste site and groundwater cleanup program
so that

. schedules for environmental agrmments me
consistently met

. the utilization of financial and technology
resources are continually improved

. the overall risk posed by existing contaminated
sites is continually reduced

● Tbe Soil and Groundwater Closure Projects strategy
revolves around developing an appropriate regulatory
framework for each waste site, assessing the degrm

and extant of contamination, and remsdiating the
contaminated groundwater to ita original beneficial
use. In cases where that remediation goal is
impractical, the intent is to prevent plume miWatiOn
and expsare and to evaluate alternate methods of
risk reduction.

Groundwater Monitoring

Results

The first priority of the groundwater monitoring
program at SRS ia to ensure that contamination is not
being transWrted from the site by groundwater flow.
Contaminated Woundwater at SRS discharges into
site streams or the Savannah River. Nowhere have
offsite wells tin contaminated by groundwatcr from
SRS, and only a few site lwations have groundwater
with even a remote chance of wrdaminating such
wells.

One such location is new A-Areti-Area, the site of
a Imge chlorinated solvent plume. This area’s
groundwater monitoring program uses more tian 2W
wells, and some of the contaminated wells lie witbin
a half-mile of tbe site boundary. While it is believed
that tbe major component of Woundwater flow is not
directly toward the site hundq, flow in the area is
complex and difficult to predict. For this reason,
pm-titular attention is paid to data from wells along
the site tmundary and from those between
A-AreaM4.Area and the nearest ~pulation center,
Jackson, South Carolina (figure 19 in the “SRS
Maps” appendix on the CD accompanying dds

Environmental Report for 2002 (WSRGTR–2003-00026) 57



Chapter 6

repfi). During 2~, no chlorinated organics were
demted in any of these wells. Well J=-1 had very
low concentrations (2.81 ppb) of toluene, which has a
Primary Drinking Water Standard of 1,000 ppb.

Another part of the SRS perimeter that has meivd
Swial mOnitOting attention is acruss tbe Savannah
River in Gwrgia’s Burke and Screven counties. Since
1988, there has kn speculation that tritiated
groundwater frum SRS could flow under the river
and find its way into @rgia wells. Considerable
effect has been directed at assessing the Iikelihmd of
transriver flow, and 44 wells have kn drilled by the
USGS and the &rgia Department of Natural
Resources (figure 20 in the “SRS Maps” appendix on
the CD accompanying Wls report). SRS maintains
andsmnples the wells annually, tritium was not
detected in any of them during 2002.

Although contmninated gmundwati in most SRS
areas dues not threaten the site bundary, it does have
the ptantial to impact site streams. For this
reasotiand became of the need to meet the
~uirements of various environmental
regulation-extensive monitoring is conduc~
around SRS waste sites and operating facilities,
regardless of their proximity to the buundary. For
details abut tils monitoring and the conditions at
individual sites, one should refer to site-sp=cific
documents, such as RCRA corrective action re~rts
or RCRA/Comprehensive Environmental Reswnse,
Compensation, and Liability Act RCRA facility
investigatiotiremedial investigation repmts.

Table 61 presents a general picture of groundwater
conditions at SRS based on 2001 and 2002
monitoring data. The tsble shows the 2002 maximum
concentrations for major constituents in the SRS
areas that have contaminated groundwater-and how

these concentrations mmpare to the tiltilng water
standards and the 2001 maximums. The table also
shows where the contaminated water is most likely to ●
outcrop.

Tbe results shown ae maximum values generally
a.ssuciated with wells very close to the contaminant
source areas. Tbe contaminants that eventually reach
the streams some distance away usually have’
undergone considerable dilution andlor natural
degradation. Hence, the water actually entering tbe
streams often is at much lower concentrations than
the observed maximums.

The table covers the most severely contaminated
areas at SRS. In most cases, tbe maximum
concentrations did not change significantly ktwmn
2Ci31and 2002. An exception was in P-Area, where
there were very high detwtions, but the= rmulted
from nonrepeatable “direct push” smnpling conducted
as part of a rem~lal site investigation. The rwults are
not directly comparable to the 2001 results tim
wells kause well sampling involves mnsiderably
more dilution than direct push, and kauw the 2002
resultsare from new Iucations. But the data illustrate
that a few sites still exist where the nature and extent
of contamination are not yet fully defined. Efforts
towmd that full definition are ongoing.

Another exception was in H-Area, where the
tabulated results are misleading. The nonvolatile kta ●
and gross alpha maximums were much lower in 2002,
but this was because HTI-5, the area’s most
contaminated well, could not be sampled because of
low water levels. Compared to the 2WI data
excluding HTI-5, the 2002 maximums were still
lower, but not by ss much. The maximums dropped
from 17.3 to 11.9 pCi/L for uoss alpha and from 127
to 66.9 pCi/L for nonvolatile beta.
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Table 6-1
Summary of Maximum Groundwater Monitoring Results for Msjor Aress Within SRS, 2001-2002

Psge 1 of 1

Msjor 2002 2001
Location Contaminants Units Maximum MCL Maximum Likely Outcrop Point

A-AreafM-Area TCE ppb 46,400 5 47,800
PCE

Tms Branch/Upper
ppb 155,000 5 212,000 Three Runs Creak in

EasC Crackameck
Swamp in Wast

Tributaries of Founnile
Branch

C-Area

~Area

5
20,000

23,000
4,590,000

TCE
Ttilum

TCE
Tritium
Gross alpha

ppb
PCtiL

10,500
8,620,000

319
1,470,000
64.8

36,700,000
173

100
1,660,000
124

66,900,000
192

Savannah Rivar Swampppb
PCdL
PCi/L

PCIL
ppb

5
20.000
15’

20,000
5

Upper Three Runti
Crouch Branch in North;
Fourmile Branch in
South

E-Area Tritium
TCE

Upper Thraa Run4
Crouch Branch in Nort~
Fourmile Branch in
South

F-Area TCE
Trftium
Gross alpha
Nonvolatile beta

Tritium
Gross alpha
Nonvolatile bata

ppb
pcti
oCtiL

25
1,860,000
222

5
20,L?30
15
4 mrarnlyr

20,000
15

8.76
2,060,000
168
525pCdL

PCilL
PCIJL
DCIIL

422

12,000,000
800
2,740

12,800,000
1,120
2,710

Fourmile BranchF Seepaga
Basins

o H-Area 109,000
8.18
274
633

7,220,000
29
1,190

Uppar Threa Runs/
Crouch Branch in North;
Fourmile Branch in
South

Fourmila Branch

Tritium pch
ppb
pCdL
IICVL

145,000
10.7
11.9
66.9

20,000
5TCE

Gmsa alohaa 15
4 mramlyrNonvola~le bataa

Tritium
Gross alpha
Nonvolatile beta

20,000
15

H Seepage
Basins

R-Araa

pcti
PCtiL
pCtiL

pciiL

8,580,000
30
1,210

168.000

4 mramlyr

20,000 Mill Creek in Northwest
tributariesof PAR Pond
elsewhera

Indian Gravea Branch

Tritium 285,000

78,200,000
23

2,260>000
9.07

19,100,000
35,500

22.3
244

1,680

2,240

20,000
5

20,000
5

64,2W,000
30

2,770,000
NA

5,000
15.8

15
120

1,390

4,210

K-Araa Tritium
TCE

pcti
ppb

PCIL
ppb

L-LakeL-Area

P-Area

Tritium
TCE

20,000
5

Steel Craak in North;
Meyer’s Branch in South

Uppar Three Run Creek

Tritiuma
TCEa

PCVL
ppb

ppb
ppb

ppb

Sanita~
LanW[ll

TNX

cMP Pits

TCE
Vinyl chlorida

Savannah R\ver Swamp

Pan Branch

TCE

TCE ppb

●
a 2001 and 2002 date ara notdiractlymmparablebmuss ofdiffarancesin=mpling methadMmtions.
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o Chapter 7

Quality Assurance
Bob Henderson and Moheb Khalil
Special Laboratories Section

Donald Padgstf and Monte Steedley
Environmental Services Section

Jan Wllliama
ExR, Inc.

[Editor’s note: The Environmental Monitoring
Section (EMS) of the Savannah River Site (SRS)
Environmental Protection Department (EPD)
maintained the environmental qua/ity assurance
(QA) program in 2002. As part of the site’s
reorganization, tiffective the beginning of 2003,
this responsibility has been divided among three
groups-the Environmental Monitoring
Laboratory (EML), the Environmental Monitoring
and Analysis group (EMA), and the Geochemica/
Monitoring group (GM). When referencing
resu/ts specific to 2002, this chapfer wi// continue
to cite EMS.]

● sRSS environmental QA pmgrsm is conductd
to verify the inte~ity of data generated by
onsite and subcontracted environmental

Iahratories.

Tbe progam’s objectives are to ensure that samples
we representative of the surrounding environment
and that analytical results are accurate.

~ls chapter summmiz.es the 2002 QA program.
Guidelines and applicable standards for the program
are referenced in appendix A, “Applicable
Guidelines, Standards, and Regulations.”

Tables containing the 2W2 QA dats and the
nooradiological deto=tion limits can he found on the
CD accompanying this report.

A more complete description of the QA program can
be found in Savannah River Site Environmental
Monitoring Program (WSRC-3Q1-2, Section 1100)
and in the Savannah River Site Environmental

Monitoring Section Qulity Assurance Plan
(wsRC-3Q1-2, Section 80~).

o The 2~ QA data and program reviews demonstrate
that the data in this annual report are reliable and
met applicable standards.

QA for EMA Laboratories

Internal Quality Assurance Program

Field Sampling Group

EMA and EML personnel routinely conduct a blind
sample prugram for field measurements of pH to
aasesa the quality end reliability of field data
meaauremenfi. EMA pcrsomel also measure total
residud chlorine, dissolved oxygen, and temperature
in water smnple$ but hccause of the difficulties in
providing field stand~ds. these me~~emen~ me nOt
suitable for a blind sample program.

Doring 2002, blind pH field measurements were
taken for 24 samples. All field pH measurements
were within the U.S. Envimrunentsl Protection
Agency’s (EPA’s) suggested acceptable conmol limit
of* 0.4 pH units of the me (known) value.

Chemistry and Counting Laborstories

Blind Tritium Samples Blind tritium samples
provide a continuous assessment of labratoV sample
preparation and counting. During 2W2, six blind
samples were mal yzcd for titium. All tritium results
were witbin the control limits.

Laboratory Certification EML is certiticd by the
South Carolina Dep-ent of Health and
Environmental Control (SCDHEC) 0f6ce of
Laboratory Certification foi the following andytes:

. under the Clean Water Act (CWA)-chemical
oxygen demand, total suspended solids, field PH.
total residual chlorine, temperature, and 26
metals

. under the Resource Conservation and Recovery
Act (RCRA)-50 volatile organic compunds
(VOCS) and 27 memls

External Quality Assurance Program

In 2~, the EMS laboratory pmticipatcd in the U.S.
Department of Energy (DOE) Quality Assurance
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Chapter 7

Table 7-1 Subcontract bboratoty Performance in ERA Water Pollution and Water Supply Studies ●
Water Pollution Studies Water Supply Studies

hborstoty (Percent Acceptable)a (Percent Acceptable)

Lionville WP 90 (98%)b WS 72 (98°A)c

General Engineering WP 90 (1m%) WS 69 (94°A)d

General Engineering Mobi[e Lab WP 87 (99%)e

Shealy Environmental SeWiCeS WP 84 (97°A)f WS71 (98%)9

a Lchrctoriesare expsctsdto oxti 80 Prcsnt acceptablerssults.

b me resultformetiyfenetiloride wasnotacceptable.
c Resultsforchlorideando~ophosphatewerenotampmble.
d Resultsfortotslaytenes,Chlormethane,1,S-dichlompropane,omdutivity,o~phosphate, andbromidewersnot

a.xeptable.
s Rssultsfor 1,1-dichlornsthyieneand da-1 ,2diM10rcethtienewere nOtacceptable.
f Resultsfnraluminum,mpfmr,MloMe, cotiuctivity,totalhardness,tutbidity,ati benzo(k)fluoranthenewerenot

a-ptcble.

9 Tne resultforelumlnumwasnotamptable.

Pregrnm (QAP), an interlaboratory comparison
program that tracks ~rformance awuracy and tests
the quslity of envbonmental data reported to DOE by
its confsactors.

For a radiological Iaberstory in~rmmpadson in
2CC12,the anslysis of 43 isotopes was completd in
March on the 56th set of QAP smnplcs md the
analysis of W isotopes was completed in September
on the 57th set. A parfonnancc rating of 84 percent
acceptable was achieved on the 56th se~ the raring
for the 57th set wns91 ~rmnt acceptable. ~ls rating
was calculated by dividing the “acceptable” and the
“acceptable with warnings” by the toti number of
results. Environmental QA personnel consider
80 percent to b the minimum acceptance rate in this
program.

The March results, which were considerably lower
than nonnaI, are attributed to the dismption of
o~rations during the move of the Iahratory tos new
building.

Detailed QAP intercompmison study results can be
found in the data tables swtion of the CD
accompanying this reWrt.

QA for Subcontracted
Laboratories/EMA Laboratories

Sukontractd environment lahnratories providing
analytical services must have a documented QA
program and mmt the quality requirements defined in
WSRC Quality Assurance Manuul (WSRC-lQ).

An annual evaluation of each sukonfractcd
laboratory is perfonncd to ensure that all the
Iabnratories maintain t~hnical competence and
follow the required QA programs, Each evaluation
includes an examination of Iaheratory performance
witi regnrd to sample rmeipt, insbument calibration, e
analytical procedures, data verification, data reports,
records management, nonconformance and corrective
actions, and preventive maintenance. Repnrts of the
findings and raommendations are provided to each
Iabratory, and follow-up evaluations we conducted
as nwessary.

Nonradiological Liquid Effluents
.

Effluent samples are analyzed by five
laboratories-thr= onsite laboratories and two
subcontracted laboratories. Laboratories must be
certified by SCD~C for all analyses.

Interlaboratory Comparison pro9ram

During 2002, EMS and a number of its subcontracted
laboratories participated in the Environmental
Resource Associates (ERA) WatR w Pollution
Proficiency Testing (PT) Studies, which include
various InterlaR WatR - Supply Water Pollution (WP)
and Water Supply (WS) Performance Evaluation
Programs. Performance results by the subcontracted
laboratories can be found in table 7-1.

Tbe proficiency rating is calculated as follows:
acceptable parameters divided by totai parameters ●
analyd, multiplied by IM.
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EPA uses w results to ceflify laboratories fOr
swific analyss. Ax pmt of the rwertiflcation
prucas, EPA requires that subconbactcd laboratories
investigate the outside-acceptance-limit results and
implement corrective actions as appropriate.

Laboratories (commercial and government) that
analyze National Pollutant Discharge Elimination
System (NPDES) samplcx pmicipate in the
Discharge Monitoring Reprt-Quality Assurance
(DMR~A) study or the WP study. Under this
program, the laboratories obtain test samples from
ERA. This provider, as required by EPA, is accredited
by tbe National Institute of Standards and
Twhnology. For the 2002 DMR-QA study, Shealy
Environmental Services, Inc. (SES) used the WP 89
study,

SES repmted acceptable results for 16 of 16 NPDES
parmnetera and 10 of 10 volun~ analyt=. EMS
reported acceptable results for 14 of 14 NPDF.S
parameters and eight of 11 voluntary analytes. The
Site Utilities Division (SUD) Wastewater Latiratory
reported acceptable results for tbrec of three NPDES
parametem. The TNX Effluent Treatment Facility did
not participate in the ~ studies. EML haa a
corrective action plan in place to investigate and
corrwt ~ failures. Subsequent samplca for the failed
voluntary parameters will k analyz~ in 2003. Until
acceptable results are obtained wi~ the voluntnry
anslytes, EML will not analyze samples for cobalt,
potassium, and sodium.

lntralaboratoryComparisonProgram

The environmental monitoring intralaboratory’
program compuces ~rformance within a laboratory
by analyzing duplicate and blind samples throughout
the yew.

SES and the EMS laboratory analyzed a total of 95
duplicate samples during 2W2. Nondetatable results
were repoftcd for 70 of these duplicate samples.

Percent difference calculations showed that 11 of the
95 duplicate samples analyzed were outside the EMS
internal QA requirement @20 percent of the true
value). These exceptions appeared to be related to an
analytical error, sample contamination, or improper
sampling techniques. Generally, exceptions in this
range are not considered a problem.

SES and EMS analyzed a total of 91 blind samples
during 2W. Nondet&table results were reported for
75 of these samples.

Percent difference calculations showed that seven of
the 91 blind samples analyzed were outxide the EMS
internal QA requirement &20 percent of the true

value). These exceptions apparcd to & related to an
analytical error, sample contamination, or improper
smnpling twhniques. Generally. exceptions in ~ls
range are not considered a problem.

Resultx for the duplicate and blind sampling
programs met ex~tations, with no indications of
consistent problems in tbe Iakratories.

Stream and River Water Quality

SRS’S water quality program requires ch=ka of
10 percent of the smnples to vetify analytical results.
Duplicate grab samples from SRS streams and the
Savannah River were anslyzed by SES und the EMS
laboratory in 2002. SE3 analyzed samples for
hardness, herbicides, nitrate + nitrite, pbosphmus,
pesticides, md total organic carbon. EMS analyzed
duplicate samples for chemical oxygen demand,
metals, and total suspended solids. Only one and ysis
result wax outxide the+ 20 percent acceptice Iindt.
Detailed stream and Savannah River water qmlity
duplicate ample resultx can bc found in the data
mbles swtion of the CD accompanying tlds report.

Groundwater

Groundwater analyses at SRS we performd by
subcontracted laboratories. SRS requires that the
Iatmratories investigate the outside-acceptance-limit
results and implement comative actions m
appmpflate.

Internal QA

Dm’ing 2~, approximately 5 percent of the samples
collwted (radiological and nomadlological) for the
RCRA and the Comprehensive Environmental
Response, Compensation, and Liability Act
(CERCLA) programs were submitted to the primary
laboratory for analysis as blind duplicates and to a
different laboratory as a QA check. Tbe lakratories’
results were eval~tcd on the basis of the percentage
witiln an acceptable concentration range.

Generally, rcsultx for all QA evaluations ware found
to be within control limi~ in 2002. Full results for all
QA evaluations cm & obtained by contacting the
EMA manager at 803-952-5931.

External QA (Environmental Resource
Associate Standards)

Water Pollutionand Water Supply
Studies During 2W2, General Engineering,
General Engin&ring Mobile, and Llonville
participated in various WP and WS studies (WP and
WS studies are described on page 62). The resultx
show that all laboratories exceeded the 80-percent
acceptable results level that is expmted. Performanm
result summaries can be found in table 7–1.
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Table 7-2 Subcontrati LaboI’ctOrY Performance on Environmental Resource Assoclstea Stendsrds
*

Percent Wthln Limitsa

LcboretorY 1st Quarter 2002 2nd Qusrter 2002 3rd Quarter 2002

EMS 100 90.9b 96.7’

General Engineering 98.3d 97.8e 96,81

General Engineering –
Mobile Lab 97.70 99.2h 99.2i

tionviile 97.d 96.2k 93.71

Micrecaeos 88.1m 89,2n 96.0°

s hboralories are expedd b exceed 80 percsntacceptableresults.
b
c
d
e
f

I
m

n

0
—

Resultsformercutyandstrontiumwerenotacceptable.
Resultfnrzincwasnotacceptable.
Recultsfor4-chlnrophenolphenyfsmer,2,4-O, andIokl phospbtes(as P) werenotacceptable.
Resu~for alksfinm(asCaCOa),cstin tetiachloMe,PCB1016,andPCB 1242werenotaccsptsble.
Resulkfnramtinia nftrcgen,bwbend phthalate,ntiate asnitrcgen,nitratsnitrii (asnticgen)pnorwnics],nkrate
ntirite(asnitregen)[simplenutrients],andspscificconductcncswerenota~ptsble.
Resu!kforbmmofom,endrin,andhsxsdombutadimewerenotacceptable.
Resultfor2-ntiphenol wasnotaweptsble.
Resultsforchwene, fluoride,Psntstilomphenol,andPHwere~t a-p~ble.
Resultsforchloride,dchlommetine, and PCB I o?6 were ~t a~ep~ble.
Rssultsforaldttn,chloride,die!drin,dichloromethsne,endrin,heptschlor,Hndane,methoxyddor,PCB1016,PCB1264,
andtexsphenewerenotacceptable.
Resultsforbcnzo[qfluoranthene,bis(2<hlomthoXYmethane),chloride,andfluorklawerenotacceptable.
RSSUISforacsbme,bsnzo[blfluomnmene,bsnzO[alpYene,chrOmiumo2$4-0,6- ph~alate,irOn.man~nese,
nidel, silver,2,4,5-T, andzinc were nota~ptsble.
Rssult5for aldrin, benzo[alanthracsne,1,lWtilornsthane, 1,2-dichlorcethane, dieldrin,endrin,hsptschlor,hsptachlor

e

~xtie, findsne, meti~hlor, snd 1,1,1-trichlornsthanewere not acceptable.
Resulb for mpper, hsptscfdor,and 2,4,6-T were notacceptable.

Quarterly Assessments During 2W2, EMS
conducted quality asscssmcnta of the primmy
analytical Iahratories to review their pcrfoftnance on
cewin analyses. =ch laboratory reccivcd a act of
certified environmental quality control standards
from ERA, and its results were compared with the
ERA-ccttiticd values and performance acceptance
limits. The performance acceptance limits closely
aPPmximate the 95 percent confidence interval.

Results fmm the laboratories (EMS, General
Engineering, General Engineering Mobile, Lionville,
and Mlcrosccps,) for the fust three qutiers are
summarized in table 7–2. The results show that all
Iabnratories exccedcd the 80-prcent acceptable
rauits level that is cx~tcd. Fourth-qumtcr results
weft not available in time for publication in this
repen.

Soil/Sediment

Environmental investigations of soils and sdlments,
primarily for RCRAICERCLA units, we performed

by subccmtractcd Iabratorics. Data were validated by
EMS in 2002 according to EPA swndafds for
analytical data quality ufless s~cified otherwise by
site customers.

The environmental validation program is based on
two EPA guidance dncuments, Data Quality

Objectives Processor Supefind
(EPA-540-R-934f71) and Data Quality Objectives
Process for Hazardous Waste Site Investigations
(QAfG4HW) @PA-dOO-R~7). These
documents identify QA issu= to bc addressed, but
they do not formulate a prnccdure for bow to evaluate
these inputs, nor do they propese pasdfail criteria to
aPPIYto dam and documents. Hcncc, the validation
program necessarily contains elements from—and is
influenced by—several other sources, including

. Guidance on Environmental Data Verification
and Vali~tion (QA/G-8), EPA-240/R-02/004

. USEPA Contract hboratory Program National
Functioml Guidelines for Organic Data Review,
EPA-540/R-99/w8 9
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9“ USEPA Contract tiboracory Program Nutionol
Functional Guidelines for Inorganic Data
Review, EPA-540/R+ l/008

● Test Methods for Evaluating Solid Waste, EPA,
November 1986, SW-846, Tbird Edition

. Data Validation Procedures for Radiochemical
Amlysis, WHC-SD-EN-SPP-00 1

Relative percent difference for the soil/sdlment
program is calculated for field duplicates and
laborato~ duplicates.Generally, resul~ for all QA
evaluations were found to be witldn control limits in
2002. A summary of this information is presented in
each project re~fi prepared by GM personne[.

Data Review

The QA pro~mn’s detailed data review for
gmundwater and soil/sdlment analyses is descri~
in WSRC-3Q1-2, Section 1100.

In 2W, the major QA issues that were discovered
and addressed in connection with these programs
includd the following at two lahratories (of the five
that cenduct groundwater and soillsdiment
analyses):

.

.

.

.

.

.

inadequate chromatographlc separation of certain
psticides

repeated failure of calibration verifications for
organics, and unmtbodox responses

nonstandard and unapproved uncertainty
calculation metbed for undetwted gamma
nuclides

systematic calculation errors for two gamma
nuclides

inadequate radiological batch quality control
axsmiation

inability to demonstrate the absence of s~tral
interference for liquid scintillation counter
radioisotopes

Also, inconsistent application of the blank
qualification policy was discovered across aII the
laboratories.

These findings illustrate that, altbougb laboratory
prwedures are well defind, analytical data quality
decs bcnetit from twhnical wmtiny. A corrmtive
action plan has kn put into place to address these
issues, which are expcctcd to be resolved during
2W3.
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Appendix A

Applicable Guidelines, Standards,
and Regulations

T HESavannah River Site (SRS)
environmental monitoring program is
designed to meet state and federal regulatow

requirements for radiological and nomadlological
programs. These mquirsmenta are stated in U.S.
Department of Energy (DOE) Order 5400.1,
“Oeneral Environmental Protection Program,” and
DOE. Order 5400.5, “Radiation Protection of the
Public and the Environment”; in the Clean Air Act
[Standards of Performance for New StationW
Sources, also refemd to as New Source
Performance Standards (NSPS), and the National
Emission Standards for Hazardous Air Pollutants
(NESHAP)]; in the Comprehensive Environmental
R=~nse, Com~nsation, and Llaboity Act
(CERCLA-also known as the Suprfund); in the
Resource Conservation and Rccovev Act (RCRA);

o

in the Clean Water Act (i.e., National Pollutant
Discharge Elimination System—NpDES); and in the
National Environmental Policy Act (NEPA).
Compliance with environmenml requirement is
ass-cd by .DOE-Savannti River (DOE4R), the
South Carolina Department of Health and
Environrnenml Control (SCDHEC), and the U.S.
Environmental Protection Agency (EPA).

Tbe SRS environmental monitoring program’s
objectives inco~rate recommendations of

. the International Commission on Radiological
protection (lCPR) in Principles of Monitoring

for the Radiotion Protection of the Population,
ICRP Publication 43

. DOE orders 54W.1 and 5400.5

. DO~H-0173T, “Environmental Regulatory’
Guide for Radiological Effluent Monitoring and
Environmental Surveillance”

Detailed information abut the site’s enviromnentul
monitoring program is documented in a~tion 1111
(SRS EM Program) of the SRS Errvimnm.ntal
Monitoring Section Plans and Procedures,
WSRC-3Q1-2, Volume 1. Tlds document is
reviewed annually and updated every 3 yaars.

SRS has implemented and adheres to the SRS
Environmental Management System Policy.
Implementation of a fomal Enviroumenml
Management System (EMS), such m that descri~
in the International Organization for Standardization
(ISO) 1400]standard. is ~ Ex=utive @der 13148
(“Gmcning the Guvermnent Tbrougb Leadership in
Environmental Management”) requirement. SRS
maintains an EMS that fully m=ts the requirements
of ISO 14CG1. The full text of the policy is included
in this appendix, &ginning on page 76.

Drinking water standards (DWS) can be. found at
http:/lwww.epa. govlsafewater/mcLhml on the
Internet, and maximum allowable concentrations of
toxic air wlhItants can bc found at
http:llwww.scdh~.netiaq. More information about
certain mdla is presented in this appendix.

Air Effluent Discharges
DOE Order 54W.5 establishes Derived radlonuclides in air am dlscusscd in more detail on

Concentration Guides (DCGS) for radionuclides in page 72.

air. DCGS, calculated by DOE using methodologies Radiological airborne releases also are subject to
consistent with recommendations found in
International Commission on Radiological

EPA regulations cited in 40 CFR 61, “National

Protection (ICRP) publications 26
Emission Standards for Hazardous Ab Pollutants,”

(Recommendations of the lnternatio~l Commission
Subpart H (“National Emission Standufds for
Emissions of Radlonucfides Other Than Radon from

on Radiological Protection) and 30 (Limits for the Department of Energy Facilities”).
[ntaka of RadionucIides by workers), we U~ as

o

reference concentrations for conducting Regulation of radioactive and nonradioactive air

environmenml protection programs at DOE sites. emissions—both criteria pollutants and toxic air

DCGS are not considered release Iimita. DCGS for Wllutants-has been delegated to SCDHEC.
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SCDHEC, therefore, must ensure that its air
~llution regulations are at least as stringent as
federal regulations required by the Clean Ab Act.
This is accomplished by SCDHEC
Regulation 61-62, “Air Pollution Control
Regulations and Standards.” As with many
regulations found inthe Cndeof Federal
Regulations (CFR), many of SCDHEC’S regulations
and standards aresourcespitic. Each source of air
pcdlution at SRS is pmmitted or exempted by
SCDHEC, with s~itic emission rate limitations or
s~ial conditions identified. The bases for the
limitations and conditions are the applicable South
Carnlina air pollution cnnmol regulations and
standards. Insomeca.ses, spwitic applicable C~s
are also cited in the permits issued by SCDHEC.
The applicable. SCDHEC regulations are tm
numerous to discuss here, soonly the most
significard~e Iiited.

Twn SCD~C standards, which govern critmia and
tnxic airpnllutants and ambient air quality, are
applicable to all SRS sources. Regulation 61-62.5,
Standmd No. 2, “Ambient Au Quality Standards,”
identifies eight criteria airprdlutants commonly used
M indlcesof air quality (e.g., sulfur dioxide,
nitrogen dioxide, and lead) and provides allowable
site bnundary mncentrations for each pollutant as
well ssthe measuring intervals. Compliimcc with
the various Wllutant standards is determined by
conducting air dispersion mudeling for all sources of
each ~llutant usingEPA-approved dispersion
mndels and then compming the result.s to the
standard. The pllutants, measuring intervals, and
allowable concentrations are given in table A-1. The
standards me in micrograms pcr cubic meter unless
noted otherwise.

Two~bundred fifty-six toxic air pnllutantx and their
res~tive allowable site boundary concentrations
are identified in Regulation 61-62.5, Standard
No. 8, ‘Toxic Air Pollutants.” As with Standard
No. 2, compliance is determined by air dispersion
modeling. Toxic air pollutants can be found at
h~liwww.scdhec.netlbaq.

SCD~C airborne emission standards for each SRS
permitted source may differ, based on size and type
of facility, type and amount nf exp%ted emissions,
and the year tbe facility was placed into operation.
For example, SRS powerhouse coal-fired W]lers are
regulated by Regulation 61-62.5, Standard No, 1,
“Emissions From Fuel Burning Operations,” This
standard s~ities that for powerhouse stacks built
before February 11, 1971, the opacity standwd is
40 percent. Fm new sources constructed after WIS

Table A-1
Crfterla Air Pollutants

Pollutant Interval ~g/m3a,b

Sulfur Dioxide 3 hours 1300C
24 hours 365c
annual 80

Total Suspended Annual Geometric
Particulate Mean 75

PM1O 24 hours 15od
annual 5od

Cstion Monoxide 1 hour 40 m$m3
8 hours 10 mglm3

Ozone 1 hour 0.12 ppmd,e

Gaaeous
Fiunrides 12.hour avg. 3.7
(as HF) 24-hour avg. 2.9

1-week avg. 1.6

Nitrogen Dioxide annual 100

Lead Calendar Quarterfy
Mean 1.5

a Adthmatfcavaragaexceptincasaoftotalsuspndsd
psticulatarotter (TSP)

b At 25 “C and 760 mm Hg
c Nottub e-d mrs thanowa a year
d Attainmentdetamlnatims w“IItm made bassd m me

cfffetfawntaind inappendicesH and K, 40 CFR 50,
July 1, 1987.

e New ozona stsndardpromulgatedin CFR but mt yet
inmvratad IntoSC Stata ImplementationPlan and
regulations,Stmniardbasadon 8-houraversge uf
0.0S0 pptn,withMnmttainmentdesignationbassd on
fou~ excsedance. -

date, the opacity stdndard typically is 20 percent.
The standards for particulate and sulfur dioxide
emissions are shown “infable A-2.

Regulation 61-62.5, Standard No. 4, “Emissions
from Process Indusrnes,” is applicable to all SRS
sources except those regulatti by a different source
sWific standmd. For some SRS sources, pmtic”late
matter emission limits are depndent on the weight
of the material being processed and are detemined
from a table in the regulation. For process and diesel
engine stacks in existence on or before
December 31, 1985, emissions shall not exhibit an
opacity greater than 40 ~rcent. For new sources,
where constmction was started after
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Dccem&r 31, 1985, the opacity standard is
e ,Operceld.

As previously mentioned, some SRS sources have
both SCDHEC and CFRS applicable and identified
in their pemits. For the package steam generating

boilers in K-Area and two prtable package boilers,
both SCDHEC and federal regulations are
applicable. The standard for sulfur dioxide
emissions is sp=iticd in 40 CF’R60, Subpart Dc.
“Standards of Performance for Small
Industrial-Commercial-Institutional Steam
Generating Units,” while the standard for particulate
matter is found in Regulation 61-62.5, Standard
No. 1, “Emissions From Fuel Burning Operations.”
Bwause these units were constructed after
applicability dates found in both regulations, the
opacity limit for these units is the same in both
regulations. The emissions standards for these
tiilem are presented in table A-3.

Table A-2
Alrbeme Emission Sfsndarda for SRS
Coal-Fired Bollera

Q
Sulfur Dioxide 3.6 lb/106 BTUa

Total Suspended Particulate 0.6 b/106
BTU

Opacity 40%

a BritishThannalUnh

Table A-3
Airborne Emiaaion Sfandarda for SRS Fuel
Oil-Fired Package BolIars

Sulfur Dioxide 0.5 lb/106 BTU

Total Suspended
Patiiculatea 0.6 b/106 BTU

Opacity 20”/0

Another federal regulation, 40 CFR 60, Subpart Kb,
“Standards of Performance for Volatile Organic
Liquid Storage Vessels (Including Petroleum Liquid
Storage Vessels) for which Construction,
Reconstruction, or Mdlfication Ccnnmenccd after
July 23, 1984.” specifies t~ of emission controls
that must k inco~rated into the consbuction of a
source. In th]s regulation, the type of control device
r~uircd is dependent on the size of the tank and the
vapnr pressures of the material being stored. ~ls
regulation is applicable to several sources at SRS,
such as the two 30,000-gallon No. 2 fuel oil storage
tanks in K-kca or the fow mixed solvent storage
tanks in H-Area. However, kause of the size of
tfreac tanks and vapor prassms of the materials
Wing stored, these tsks are not requird to have
control devices inatallcd. The only requirements
applicable to SRS sturage tanks are those for rtiord
keeping.

(Process) Liquid Effluent Discharges
DOE Order 5400.5 establishes DCGS for
mdlonuclides in process effluents. (DCCJSfor
radionuclides in water are discussed in more detail
on page 73.) DCGS were calcdated by DOE using
methmfologies consistent with recommendations
found in ICRP, 1987 and ICRP, 1979 and are used

. as reference concentrations for conducting
environmental protection programs at DOE sites

. as screening values for considering best
available technology for treatment of liquid
effluents

DOE Order 5400.5 exempk aqueous tritiurn releases

*

from best available technology requirements but not
from ALARA (as low as reasonably achievable)
considerations.

Three NPDES permits are in place that allow SRS to
discharge water into site streams and the Savannah
Rivet one indushial wastewater permit
(SC~175) and two stonnwater runoff permits
(SCRWO for industrial discharges and
SCRIW for construction discharges).

A fourth pmit (NDO072125) is a no-discharge
water pollution control land application ~rmit that
regulates sludge generated at onsite sanitary waste
treatment plants.

Detailed requirements for cacb permitted discharge
point—includlng parameters sampled for, pcmit
limits for each pmeter, sampling frequency, and
method for collecting each sample-can be found in
the individual permits, which are available to the
public through SCD~Cs Freedom of Information
office at (803) 734-5376.
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Table A4
South Carofina Water QualRy Standarda for Freahwatars

Note Thisisa partiallistonlyofWter quarWStandads forfreshwater.

Paremetera

a. Fecal coliform

b.Pli

c.Temperature

d. D!saolved oxygen

e. Garbaga, clndera, aahea, aludga,
or other refuse

f. Treated waetaa, toxic wastaa,
deleterious aubetancea, colored or

other weetaa, except those in (e)
abova.

g. Ammonia, chlorine, and toxic
polhdsnta Iieted in the fedaral Clean

Water Act (307) and for which EPA
haa developed national criteria (to

protect aquatic life).

SOURCE [SCDHEC, 1998]

standards

Not to excaed a geometric mean of 200/100 mL, based on five
consecutivesamples during any 3&day period nor shall more than
10 percent of the total aamplea during any 30-day period exceed
400/1 00 ml.

Range behveen 6.0 and 8.5.

Generally,shall not be increased more than 5 “F (2.8 “C) above
natural temperature conditionsor ba permittedto excaed a
maximumof 90 ‘F (32.2 “C) as a resultof the di=harge of heated
Iiquida.For exceptions,see E-9.A, Regulation61-88, ‘Water
Classificationsand Standatis” (June 28, 1998).

Daily avarage not ksa than 5.0 m@L, with a low of 4.0 mgrL.

None allowed.

None alone or in combinationwith other auba~rv=?sor wastes in
sufficientamounta to make the walers unsafe or unsuitablefor
primary-contactrecreationor to impair the watera for any othar best
usage aa determined for the specific wateta assigned to this clasa.

See E-10 (list of water quafitystandards based on organoleptic
data) and E-12 (water qualitycritariafor protectionof human
health), Regulation61-68, Water Clasaificationaand Standards”
(June 26, 1998).

Site Streams
SRS streams are classified as “Freshwatcrs” by the balanced indigenous aquatic community of
South Carolina Pollution Control Act. Freshwater fauna and flora
are defined as surface water suitable fnr . industrial and agricultural uses
. primary- and s=ondary-contact recreation and

as a &lnklng water source after conventional
Table A-4 provides some of the specific guides used

treatment in accordance with SCDHEC in water quality surveillance, but kcause some of

requirements these guides me not quantifiable, they are not
tracked in response form (i.e., amount of garbage

. fishing and survival and propagation of a found).

Savannah River
Because the Savannah River is detincd under the Freshwater system, the river is regulated in the same
South Carolina Pollution Control Act as a manner as are site streams (table AA).
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Drinking Water
The federal Safe Dritilng Water Act
(SDWA)--enacted in 1974 to protect public
drinking water supplies-was mnendcd in 1980,
1986, and 1996.

SRS dritilng water systems are tested routinely hy
SRS and SCDHSC to ensure compliance with
SCD~C State Primary Drinking Water
Regulations, R61-58, and EPA National PrimW
Drinking Water Regulations, 40 CFR 141.

SRS Mnklng water is supplied by 18 separate
systems, all of which utilize groundwater sources.
The tbrcc larger consolidated systems (A-Area,
D-Area, and K-Area) are actively regulated by
SCDHEC and are classiticd as
nontransientlnoncomunity systems hecausc each
acrves more than 25 people. The remaining 15 site
water systems, each of which xerves fewer than 25
people, receive a lesser degree of regulatory
oversight.

Groundwater
Oroundwater is a valuable resource and is the
subjectof both protection and cleanup progTmns at

o

SRS. More than 1,000 wells are monitored cnch yenr
at the site for a wide range of constituents.
Monitoring in the groundwater protection program is
perfonncd to detect new or unknown contamination
across the site, and monitoring in the groundwater
cleannp pro~am is Pfiormcd to meet the
~uirements of state and federal lawx and
regulations. Most of the monitoring in the cleanup
pmgmm is govemcd by SCDHEC’S administration
of RCRA regulations.

The analflical results of samples taken from SRS
monitoring wells are compared to various standards.
The most common are final fderal primary
DWS--Ur other standards if DWS do not exist. The
DWS we considered first because groundwater
nquifers are defined as potential drinking water
worces by the South Carolina Pollution Control Act.
DWS can bc found at
http//www.epa.gov/safewater/mcl,html on the
Internet. Other standards sometimes are applied by
regulatory agencies to the SRS waste units under
their jufisdlction. For example, standards under
RCRA can include DWS, groundwater protection
standards, background levels, or alternate
concentration limits.

Under the SCD=-approvd, ultra-reduced
monitoring plan, lead and copper sampling will not
be required again for the A-Area consolidated
system untii 2W. The D-Area and K-Area
comolidatcd water systems qualified in 1997 for an
ultra-reduced monitoring plan. Both D-Area and
K-Area will he sampled in 2003 for lead and copper.

The B-Area Bottled Water Facility, which was
apPrOvd fOr Operation in 1998, is Iistcd as a public
water system by SCDHEC and is mquircd to be
sampled for bacteriological anal ysis on a quarter] y
basis. Unhke the D-Area and K-Area consolidated
water systems, lead and copper monitoring are not
required.

DWS for specific radionucfides and contaminants
can be found on the Internet at
http:/A~.//www .epa.gov/safewater/mcl.html.

o SRS rcspenses to ground water analytical results
rquire careful evaluation of the data and relevant
standards. Results from two constituents having

DWS<lchlorometbane and bls(2-etbylhexyl)
phthalate-are evaluated more closely than other
constituent and are mmmonly dismissed. Both are
common IaMratory centaminanta and are re~rtcd
in ~oundwater samples with little or no
reproducibility. Both are repmtd, with appropriate
flags and qualifiers, in detailed groundwater
monitoring results that can bc obtiincd by
contacting the manager of the Weatingbouse
Savannah River Company (WSRC) Environmental
Monitoring and Analysis group at 803-952-6931.
Also, the standard umd for lead, 50 Pg/f-. is fie
SCDHEC DWS. The federal standnrd of 15 PSIL is
a treatment standard for drinking water at the
consumer’s tap.

The regulatory standnrds for radionuclide discharges
from industrial and governmental facilities are set
under the Clean Water Act and Nuclew Regulatory
Commission and DOE regulations. In addition,
radlonuclide cleanup levels me included in the site
RCRA ~mit under the authority of the South
Carolina Pollution Conmal Act. The propnsed
drinking water maximum contaminant levels
dlscusscd in tiis report are only m adjunct to theac
release restrictions and are not used to regulate SRS
groundwater.

Many potential radlonuclide contaminants are beta
emitters. The standard used for gross kta is a
scrccning standard, when public drinking water
exceeds this standard, the supplier is expected to
anal yze for individual beta and gamma emitters. A
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gross beta result above the standard is an indication
that one or more radioisotopes we pr~ent in
quantities that would exceed tbe EPA annual dose
equivalent for pcmons consuming 2 liters daily.
Thus, for the individual beta and gamma
radioisotopes (other than s@ontium-90 and tritium),
the standard considered is the activity per liter that
would, if only that isotope were present, excccd the
dose equivalent. Simikuly, the standards for alpha
emitters are calculated to present the same risk at
the smne rate of ingestion.

The element radtum has several isotopes of concern
in groundwater monitoring. AIthough radium has a
DWS of 5 pCi/L for the sum of radium-226 and
radium-228, the isotopes have to & meaauIcd
separately, and the combin~ num~m may nOt be
repmaentntive of the total. Radium-226, an alpha
emitter, and radium-228, a hcm emitter, cannot be
analyd by a single method. Analysw for total
alpha-emitting radium, which consists of
radium-223, radium-224, and radium-226, are
compared to tbe standard for radium-226.

Four other constituents without DWS are commonly
used as indicators of potential contamination in
weOs. These constituents ere ●
. s~ific conductance at values equal to or

greater than 100 WS/cm

. alkalinity (as CaCOs) at values equal to or
greater than 100 m@

. total dissolved solids (TDS) at values equal to
or greater than 2M mg/L

. pH at values equal to or less than 4.0 or equal to
or greater than 8.5.

The selection of these values as standards for
comparison is somewhat arbitr~, however, these
valu~ excccd levels usually found in background
weIls at SRS. The recurrence of elevated alkalinity
(as CaC03), specific conductance, PH, and TDS
within a single well may also indicate leaching of
tbe grouting material used in well conatniction,
rather than degradation of the gmundwater.

Potential Dose
The radiation pro~tion standards followed by SRS
are outlind in DOE Order 5400.5 and include EPA
regulations on the petential doses tiom airborne
releases and meatcd drinking water.

The following radiation dose standards for
pmtcction of the public in the SRS viciuity are
specified in DOE Order 5400.5.

Drinking Water Pathway . ...4 nuem per year
Airborne Pathway . . . . . . . . 10 rnrem per year
AOPatiways . . . . . . . . . ..lMnucmpcryem

Tbe EPA annual dose standard of 10 nuem
(0. 1 mSv) for the atmospheric pathway, which is
contained in 40 CFR 61, Subp~ H, is adopted in
DOE Order 540Q.5.

These dose standwds am bared on recommendations
of the ICRP and the National Council on Radiation
Protection and Measurements (NCRP).

The DOE dose standard enforced at SRS for
dritilng water is consistent with the criteria
contained in “National Interim Wlmary Drinking
Water Regulations, 40 CFR Part 141.” Under these

regulations, persona cnnsuming drinking water shall
not rmeive an annual whole body dose—DOE Order
5400.5 interprets this dose m committed effective
dose equivalent -of more tian 4 nuem (0.04 mSv). *

In 2~, EPA promulgated 40 CFR, Parts 9, 141,
and 142, “National Primary Drinking Water
Regulations; Radionuclides; Final Rule.” This role,
which is applicable only to community drinking
water systems, finalized maximum contaminant
levels (MCLS) for radionuclides, including uranium.
In essence, it reestablishes tie MCLS from EPA’s
original 1976 ride. Mnst of these MCLS am derived
from dose conversion factors that ~e baaed on early
ICRF-2 methods.

However, when calculating dose, SRS must use the
more cument lCRP-30-basd dose conversion
factors provided by DOE. Because they are based on
different methods, most EPA and DOE radionuclide
dose conversion factors differ. Therefore, a direct
comparison of the drinking water doses calculated
for showing compliance with DOE Order 5400.5 to
the EPA drinking water MCLS cannot he made.

Comparison of Average Concentrations in Airborne Emissions
to DOE Derived Concentration Guides

Average concentrations of radionuclides in airborne the yearly stack flow quantities. These average
emissions are calculated by dividing the yearly concentrations then can be compared to the DOE

e
release total of each rdlonuclidc fmm each stack by
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DCGS, which are found in DOE Order 5400.5 for conservative assumption that a member of the public
each mdionuclide. has direct access to and continuously breathes (or is

DCGS are used as reference concentrations for
immersed in) the actual air effluent 24 hours a day,
365 days a year. However, because of the large

conducting environmental protection programs at all
DOE sites, DCGS, which are based on a 100-mrem

distance between most SRS operating facilities and

expnsure, are applicable at the pint of discharge
the site boundary, this scenario is improbable.

(prior tn dilution nr dispersion) under conditions of Average annual radionuclide concentrations in SRS
continuous exposure (assumed tn be an average air effluent can be referenced to DOE DCGS as a
inhalation rate of 8,400 cubic meters per year), This scrmning metbnd to determine if existing effluent
means that the DOE DCGS are based on the highly treatment systems are proper and effective.

Comparison of Average Concentrations in Liquid Releases
to DOE Derived Concentration Guides

In addition to dose standards, DOE Order 5400.5
imposes other control considerations on liquid
releases. These considerations are applicable to
dlrcct discharges but not to seepage basin and Solid
Waste Dlspsal Facility (SWDF) migration
discharges. The DOE order lists DCG values for
most radionuclides. DCGS are used as reference
concentrations for conducting environmental
protection programs at all DOE sites. These DCG
values are not release limits but screening values for
best available technology investigations and for
determining whether existing effluent treatment
systems are proper and effective.

Per DOE Order 5400.5, exceedance of the DCGS at
any discharge point may require an investigation of
best available technology waste treatment for the
liquid effluents. Tritium in liquid effluents is
specifically excluded from best available technology
requirements however, it is not excluded from nther
ALARA considerations. DOE DCG compliance is
demonstrated when the sum of the fractional DCG

values fnr all radionuclides detectable in the effluent
is less than 1.00, based on consecutive 12-month
average concentrations.

DCGS, based on a 1~-mrem ex~sure, are
applicable at the point of discharge from the effluent
conduit to the environment (prior to dilution or
dispersion). They are based on the highly
conservative assumption that a member of the public
has continuous direct access to tbe actual liquid
effluents and consumes 2 liters of the effluents every
day, 365 days a year. Because of swurity controls
and tbe large distance between most SRS operating
facilities and the site boundary, this scenario is
highly improbable, if not impassible.

For each SRS facility that releases radioactivity, the
site’s Environmental Monitoring and Analysis group
(EMA, formerly the Environmental Monitoring
Section) compares the monthly liquid effluent
concentrations and 12-month average concentrations
against the DOE DCGS.

Environmental Management
SRS began its cleanup program in 1981. Two major
federal statut- provide guidance for the site’s
environmental restoration and waste management
activities-RCRA and CERCLA. RCRA addresses
the management of hazardnus waste and requires
that permits be obtained for facilities that treat,
store, or dispose of hazardous or mixed waste. It
also requires that DOE facilities perform appropriate
comectivc action to address contaminants in the
environment. CERCLA (also known as Superfund)
addresses the uncontrolled release of hazardous
substances and the cleanup of inactive waste sites.
This act establishes a National Priority List of sites
targeted for assessment and, if necessary,
corrective/remedial action. SRS was placed on this
list December 21, 1989 [Fact Sheet, 20WI. In
August 1993, SRS entered into the Federal Facility
Agreement (FFA) with EPA Region IV and

SCDHEC. This agreement governs the
correctivelremedial action process from site
investigation through site remedl ation. It also
describes procedures for setting annual work
priorities, includlng schedules and deadlines, for that
process [FFA under section 120 of CERCLA and
sections 3008(h) and 6t3i31of RCRA].

Additionally, DOE is complying with Federal
Facility Compliance Act requirements fnr mixed
waste management—including high-level waste,
most transumnic waste, and low-level waste with
hazardous constituents, This act requires that DOE
develop and submit site treatment plans to the EPA
or stete regulators for approval.

The dlspnsition of facilities after they are deckired
excess to the government’s mission is managed by
the Facilities Disposition Division. The facility
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disposition process is conducted in accordance with environment, and (2) to reduce the costs required to
DOE Order 430. 1A, “Life Cycle Asset maintain the facilities in a safe condition through a
Management,” and its associated guidance comprehensive surveillance and maintenance ●
dncuments. The major emphases are (1) to reduce program.
the risks to workers, the public, and the

Quality Assurance/Quality Control
DOE Order 414.1, “Quality Assurance,” sets
requirements and guidelines for departmental quality
assurance (QA) practices. To ensure compliance
with regulations and to provide overall quality
requirements for site programs, WSRC developed its
Qualify Assurance Management Plan, Rev. 8
(WSRC-RP-92-225). The requirements of
WSRC-RP-92-225 are implemented by the
Westinghouse Savannah River Company Quali@
Assurance Manual (WSRC IQ).

The Savannah River Site Environmental Monitoring

Section Quality Assurance Plan, WSRC-3Q 1-2,
Volume 3, Section 80W), was written to apply the
QA requirements of WSRC IQ to the environmental
monitoring and surveillance program. The EMA
WSRC-3Q1 prmedure series includes procedureson
sampling, radimhemistry, and water quality that
emphasize the quality control requirements for
EMA.

QA requirements for monitoring radiological air
emissions mespecifiedin40CFR 61, ’’National
Emission Standards for Hazardous Air Pollutants.”
For radiological air emissions at SRS, the
responsibilities and lines of communication are
detailed in National Emission Standatis for
Hazardous Air Pollutants Quality Assurance Project
Plan (U) (WSRC.M-91-60)

To ensure valid and defensible monitoring data, the
records and data generated by the monitoring
program are maintained according to tbe
requirements of DOE Guide 1324.5B,
“Implementation Guide for Use with 36 CFR
Chapter XII - Subchapter B Records Management,”
and of WSRC lQ. QA records include sampling and
analytical procedure manuals, logbmks,
chain-of-custody forms, calibration and training
records, analytical notebooks, control charts,
validated laboratory data, and environmental
reports. These records are maintained and stored per
the requirements of WSRCSitewide Recotis
lnvento~ and Disposition Schedule
(wsRc-lM-93ao).

EMA assessments are implemented according to the
following documents:

. DOE Order 414.1, “Quality Assurance”

. DoE/EH-o173T

. DOE Environmental Management Consolidated ●
Audit Program

. WSRCIQ

. WSRC 12Q, Assessment Manual

Figure A-l illustrates the hierarchy of relevant
guidance documents that suppofi the EMA QA/QC
program.

Reporting
DOE Orders 231.1, “Environment, Safety and Report for 2002, is an overview of effluent
Health Repmting,” and 5400,5, “Radiation monitoring and environmental surveillance activities
Protection of the Public and Environment,” require conducted on and in the vicinity of SRS from
that SRS submit an annual environmental report. .lan.~ 1 through December 31, 2002.

This reprt, the Savanwh Rivei- Sire Envirzmmenral
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DOE ANS1/ASME NQA-I 10CFR Other Quality PrOgmM

Order 414. 1A Quality Assurance Pm9ram 830.120 Standards and Guidances

luality Ab uranm Requirements for Nuclear Policy
Faa Tities Quality

Assurance

I

RequirsmsntsSSSiS

~

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Polii easis

i

WSRC 1-01, MP 4.2, Quality
Assulance

. . . . . . . . . . . . . . . . . . -- . . . . . . . . . . . . . . . . . . . . . . . ----- ----- ----- ----- --

WSRC-RP-92-225, Rev. 8
Prcgram8asis WSRC Ouality Assurance Management

Plan

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ----- ----- ----- -

w

Implementiiim Basis
WSR~ IQ

WSRC Qua/iiyAssurarrca
Ma~ual

J
WSRG3Q1 -2, Volume 3, Section 8000

SRS Entimnments/ Monitoring Program Qualily Aesuranm
~an

Other Quality Program Standarda and Guidances
. 1S0 1996

. ANSI 1995

. 1s0 1999

Documents referenced in this chart are aa follows:
. ANSI 1989 . WSRC 2001a

. DOE 2000 . WSRC 2001 b

. DOE 2001 a . WSRC 2001j

. WSRC 1992 . WSRC 2001 I

@
Figure A-1 SRS EM Program QAIQC Document Hierarchy
This diagram depictsthe hierarchy of relevant guidance and supportingdocumentsfor the QNQC program.
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ISO 14001 Environmental Management System
1S0 14001 is the EMS standard witiln tie Beginning in May 2002, the site discontinued *
ISO 14000 series of standards, a family of voluntary independent cerdfication of ita EMS pro~am, but it
environmental management standards and continues to self-evaluate itself against the 1S0
guidelines. SRS fmt achieved 1S0 14001 14Ctfllstandard. A requirement of tbe standard is
independent certification of ita EMS against tils maintenance of an environmental plicy. The full
standard in 1997 by demonstrating adherence to and text of the policy (without the names of the
programmatic implementation of the SRS signatories) follows.
Environmental Management System Policy.

Savannah River Site (SRS)

Environmental Management System Policy
May 1,2002

OBJECTIVE

This dwument describes the SRS Environmental Management System Policy, which is a system ordered by the
President to be implemented tioughout all Federal Agencies. The objective of tiis policy is to ensure that all
employees performing work at the Savannah River Site (SRS) do so in accordance with all applicable federal,
state, and local rquirementa, Executive Order 13148, the guidance of ISO 14001, and the environmental goals
and objectives of tbe Savmnah River Site Strategic Plan.

DI~CTIVE

Recognizing that many aspta of operations carried out at the SRS may impact tie environment, the SRS policy
is that all employees, mntractora, sukntractom, and other entities performing work at the SRS shall abide by
the directives in WIS dwument. Westinghouse Savannah River Company (WSRC), Wackenhut Services,
Inc.-Savannah River Site (WSI-SRS), Savannah R]ver fiology Laboratory (SREL), General Services
Administration-Savannah Rtver Site (GSA), Natiotml Nuclear Saurity A@inistration-Savannah River Site
(NNSA-SRS), and U.S. Department of Agriculture Forest Servic@avannab River (USFS-SR) endorse the e
principles stated in this plicy.

● ~Is document serves as the primary d~umentation for the environmental goals and objectives of the SRS
and shall & available to the public. It shall bc centrally maintained and u#ated as nwessary to reflect the
changing needs, missions, and goals of the SRS.

● The Environmental Management System pumues and measure continual improvement in performance
by establishing and maintaining documented environmental objmtives and targets that correspond to
SRS’a mission, vision, and core values. The environmental objectives and targets shall be established for
each relevant function and level witbin DOE-SR, NNSA-SRS, and all contracts, subcontractors, and
other entities performing work at the SRS for all activities having actual or potentially significant
environmental impacts.

● DOWR, NNSA-SRS, and all contractors, subcontractors, and other entities performing work at SRS
shall:

1

2

3

4

Manage the SRS environment, natural resources, products, waste, and contaminated materials so as
to eliminate or mitigate any threat to human health or the environment at the earliest opportunity
and implement process improvements as appropriate to ensure continued improvement of
performance in environmental management.

Implement a pollution prevention program to reduce waste generation, releases of pollutant, future
waste managementipollution control costs; and to minimize environmental impacts as well as
promote increased energy efficiency.

Conduct operations in compliance with all applicable federal, state, and lwal laws, regulations,
statutes, executive orders, directives and standards/~ uirements identification dmuments.

Work cooperatively and openly with appropriate local, state, federal agencies, public stakeholders,
and site employes to prevent pedlution,, achieve environmental compliance, conduct
cleanuptrestoration activities, enbmce environmental quality, and ensure the protection of workers o
and tbe public.
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Applicable Guidelines, Standards, and Regulations

5 Design, develop, construct, operate, maintain, dwommission and deactivate facilities and OWratiOns

● in a manner that shall be resource efficient and will protut and improve tbe quality of the
environment for future generations and continue to maintain the SRS as a unique national
environmental asset.

6 Recognize that tbe res~nsibility for quality communications rests with each individual employffi
and that it shall be the responsibility of all employ~s to identify and communicate ideas for
improving environmental protection activities and programs at the site.

Adherence to and programmatic implementation of this policy shall k monitored by the DOE+R,
~SA-SRS-DP, and NNSA-SRS-DNN Managers in cwrdination with the contractors, subcontractors, and
other entities performing work on the SRS. [Editors’ note: The names of the sigmtories that appeared at the end
of the &ll text of the policy have not been incltied here. ]
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● AppendixB

Radionuclide and
Nomenclature

Chemical

Nomenclature and Half-Life for Radionuclides

Rsdionuclide Symbol Haif-fifea,b Radionuciide Symbol Half-lifea,b

Actinium-228

Americium-241

Americium-243

Antimony.124

Antimony-125

ArgOn-39

Barium-133

Beryilium.7

Sismuth-212

Bismuth-214

CarbOn-14

Cerium-141

*

Cerium-144

Ceeium-f 34

Cesium-137

Chromium-51

Cobalt-57

Cobalt-58

Cobait.60

Curium-242

Curium-244

Curium-245

Curium-246

Europium-152

Europium-154

Europium-155

10dine-129

10dine-131

Iodine-133

Krypton-65

Lead-212

Lead-214

Manganese-54

AC-228

Am-24 1

Am-243

Sb-124

Sb-125

Ar-39

f3a-133

Be-7

Bi-212

Bi-214

C-14

Ce-141

Ce-144

CS-134

CS-137

Cr-51

CO-57

CO-58

CO-60

Cm-242

Cm-244

Cm-245

Cm-246

Eu-152

Eu-154

ELI-155

I-129

I-131

I-133

Kr-85

Pb-212

Pb-214

Mn-54

6.15 h

432.7 y

7370 y

60.2 d

2.758 y

269 y

10.7 y

53,28 d

2.14 m

19.9 m

5714 y

32.5 d

264.6 d

2.065 y

30.07 y

27.702 d

27i .8 d

70.86 d

5.271 y

162,6 d

18.1 y

6,50E3 y

4.76E3 y

13.54 y

8.593 y

4.75 y

i .57E7 y

8.0207 d

20.3 h

10,76 y

10.64 h

27 m

312.1 d

Memury-203 Hg203

Neptunium-237 NP-237

Nephmium-239 NP-239

Ntckel-59 NI.59

Nickel-63 Ni-63

Nititum-94 Nb-94

Niobium-95 Nb-95

Piutonium-238 PU-236

PlutOnium-239 Pu-239

PlutOnium-240 Pu.240

PlutOnium-241 Pu-241

PlutOnium-242 Pu-242

POtassium-40 K-40

Praseodymium-144 Pr-144

Praseodymium-144m Pr-144m

Promethium-147

Pmtactinium-231

Protactinium-233

Protactinium-234

Radium-226

Radium-228

Ruthenium-103

Ruthanium-106

Selenium-75

Selenium-79

SOdium-22

Stmntium.89

StrOntium-90

Technetium-99

Thallium-208

Thorium-228

Thorium-230

Thorium-232

@a m=minut%h = hou~ d = dafi y = year
b Rsferam Chat of tie Nuctidss,15thadition, revised 1996, Gensrsl ElectricCompany

Pm-147

Pa-231

Pa-233

Pa-234

Ra-226

Ra-228

Ru-103

flu- 106

Se-75

Se-79

Na-22

Sr-89

Sr-90

Tc-99

Ti-208

Th-228

Th-230

Th-232

46.61 d

2.1 4E6 y

2.355 U

7.6E4 y

looy

2.0E4 y

34.97 d

67.7 y

2.47 E4 y

6560 y

14.4 y

3.75E5 y

1.27E9 y

17.28 m

7.2 m

2.6234 y

3.26E4 y

27.00

6.69 h

1599 y

5.76 y

39.27 d

1.020 y

119.76 d

6.5E5 y

2,604 y

50.52 d

26.78 y

2.13E5 y

3.053 m

1.913y

7.54E4 y

1.4OE1Oy
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Appendix 5

Nomenclature end Half-Ufe for Radlonuclides, Continued

Radlonuclide Symbol Half-fifea,b Radionuclide Symbol Half-lifea~b ●
ThOrium-234 Th-234 24.10 d Uranium-235 U-235 7.04E8 y

Tin-113 Sn-113 115.1 d Uranium-236 U-236 2,342E7 y

Tin-126 Sn-126 2.5E5 y Uranium-238 U-238 4.47E9 Y

Tritium(Hydrogen-3) H-3 12.32 y XenOn-135 Xe-135 9.10 h

Uranium-232 U-232 69.8 y Zinc-65 Zn-65 243.8 d

Umnium-233 U-233 1.592E5 y Zi~onium-65 Zr-85 7.7 m

Uranium-234 U-234 2,46E5 y ZircOnium-95 Zr-95 64.02 d

a m-minmw,h = houqd = day,y = year
b Ffaferenm:Chariof tie Nuclides,15ti titii”, revisedi %, GeneralEIMric ~pany
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Radionuc/ide and Chemi~/ Nomenclature

Q
Nomenclature for Elements end Chemisel Constituent Analyses

Constituent Symbol Constituent Symbol

Note: Soma of the symbols listed in this tsble same. from various databases used to format the data tables in this
repeff and are included hereto esaiat the reader in undemanding the tablea.

Aluminum

Ammonia

Ammonia as Nitrogen

Antimony

Arsenic

Barium

BiologicalOxygen Demand

Beryllium

Boron

Bromide

Cadmium

Chemical Oxygen Demand

Chlorine

Chromium

cobalt

Copper

Cyanide

Dissolved Oxygan

o ““n
Lead

Magnesium

Manganese

Mercury

Molybdenum

Nickel

Nitrate

Nitrate as Nitrogan

Nitriteas Nitrogen

Al (or AL)

NH3

NHs-N (or AN)

Sb (or SB)

As (or AS)

Ba (or BA)

BOD

Be

B

B-

Cd (or CD)

COD

Cl (or CHL)

Cr (or CR)

co

Cu (or CU)

CN

Do

Fe (or FE)

Pb (or PB)

Mg (or MG)

Mn (or MN)

Hg (or HG)

Mo

NI (or Nl)

N03

N03_N

NOZ_N

Nitrita, Nitrate

PH

Phenol

Phosphorus

Phosphate

PolychlorinafedBiphenyl

Potassium

Selenium

Silver

Sulfate

Tetrachloroethena

Tetrach[oroethylene
(Perchloroethylene)

Trichloroethene

Trichloroathylane

nn

Total Dissolved Solids

Total Kjeldahl Nitrogen

Total Organic Carbon

Total Suspended Patiiculate
Matter

Total Suspendad Solids

Total Volatile Solids

Uranium

Vinyl Chloride

Zinc

N02,N03 (or
NO~, N03 or
NOZN03))

pH (or PH)

PHE

P

Poe (or P04-P 01
Po~-P)

PCB

K

Se (or SE)

Ag (or AG)

S04 (or S04)

PERCL

PERCL

TRICL

TRICL

SN

TDS

TKN

TOG

TSP

TSS

TVs

u

Vc

Zn (or ZN)
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e Appendix C

Errata from 2001 Report

The following infomration was reported incomectly in the Savannah River Site Environmental Report for 2~1
(WSRC-TR-2001%74):

Chapter 3 (’fRadiological Effluent Monitoring”), was repftcd inaccurately. The actual 2001 i~lne-129
Airborne Emissions ~ctinn; chapter 5 (t<Pntential release total from the separations areas was 2.78E-02
Radiation Dead’), Air Pathway section; and curies (compared with the i .29W2 curies reported).
supporting tahls. Because of an analytical error, For compiete revisal results, refer to the “Erraor”
the amount of iodine-129 in site releaaes during 2001 folder on tie CD accompanying this reprt.

Errata from 2000 Report

The following information vms repnfled incorrectly in the Savannah River Site Environmental Report for 2000
(WSRC-~-2M328) :

Q Chapter 5 (<<Radiological ERluerd Mordtoring”), was repoti inaccurately. The actual 2~ id]ne- 129

Airborne Emissions section; chapter 7 (“Potential reiease total from the separations areas was 2.05H2
Radiation Dnses”), Air Pathway section; and curies (compared with the zero curies reporicd). For
supporting tables: Bwause of an analytical error, complete revised results, refer to the ‘Errata” folder on
tbe amount of iodine-129 in site releases during 2~ the CD accompmying his report.
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o Glossary

A
accuracy - Closeness of the result of a measurement
to theme value of the quantity.

actfaide - Group of elemens of atomic number 89
through 103. Lakratory analysis of actinides by
alpha s~trome~ generally refers to the elements
plutonium, americium, uranium, and curium but may
also include neptunium and thorium.

activity - Scc radioactivity.

air flow - Rate of flow, measured by mass or volume
per unit of time.

air stripping - Process used to dccontmninafe
groundwater by pumping the water to the
smface,’’stripping” or evaporating the chemicals in a
specially-designd tower,. and pumping the cleansed

@

water back to the errvimnment.

uliqtmt - Qwnfity of sample tilng used for analysis.

alkalinity - Alkalinity is a measore of the buffering
capacity of water, and since pH haa a ducct effect on
organisms aa WCIIas an indirect effect on the toxicity
of cmtain other pollutants in the water, the buffering
capacity is important to water quality.

alpha particle - Positively charged particle emitted
from the nucleus of an atom having the same charge
and mass as that of a helium nucleus (two protons
and two neutrons).

ambient air - Surrounding atmosphere as it exists
around pceple, plants, and structures.

armlyte - Constituent‘or parameter that is tiing
analyzed.

analytical detection limit - Lowest reasonably
accurate concentration of an analyte that can be
detcctd, this value varies de~ndlrrg on the method,
instrument, and dilution used.

9
aquifer - Saturated, permeable gmlogic unit that can
transmit significant quantities of water under ordinary
hydraulic gradients.

aquitard - Geo[ogic unit that inhibits the flow of wa-
ter,

Atnmic Energy Commission - Federal agency
created in 1946 to manage the development, use, and
control of nuclear energy for military and civilian
application. It was abolished by the Energy
Rrmrganization Act of 1974 and succeeded by the
Energy Research and Development Administration.
Functions of the Energy Research and Development
Administration eventually were taken over by the
US. Department of Energy and the U.S. Nuclear
Regulatory Commission.

B
background rad~tion - Naturally uccurring
radiation, fallout, and cosmic radiation. GcneraRy, the
lowest level of radiation obtainable withbr the scope
of mr analytical measurement, i.e., a blank sample.

bailer - Container lowered into a well to remove
water. The bailer is sRowcd to fill with water and
then is removed frem the well.

best management pratiic= - Sound engineering
practices that are not, however, rquired by regulation
or by law.

beta particle - Negatively charg~ particle emitted
from the nucleus of an atom. It has a mass and cbnge
equal to those of an electron.

blank - Control sample that is identical, in principle.
to tbe mrnple of interest, except that the substance
Ming analyzed is absent. Ii such cases, the measured
value or signal for tbe substance being analyzed is
brdieved to be due to artifacts. Under certain
circumstances, that value may be subtracted from the
measured value to give a net result reflecting the
amount of the substance in the sample. The
Environmental Pmtcction Agency dots not permit the
subtraction of blank results in Environmental
Prot&tion Agency-regulated analyses.

blind blank - Sample container of deionized water
sent to a laboratory under an alias name as a quality
control check.
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btind repliratc - In the Enviromnental Monitoring
Swtion gruundwater monitoring progrmn, a ~nd
sample taken from tbe’same well at the same time as
the primary sample, assigned an alias well name, and
sent to a laboratory for analysis (as an rmknown to
the analyst).

blind sample - CorrtIol sample of known
cmmcntration in which the expected values of the
constituent are unknown to the analyst.

c
calibration - Pr=ss of applying cnmcction factors
to equate a measurement to a known srarrdasd.
Generally, a documented measwcment control
pmgmnr of charts, graphs, and data that demonstrate
that an instrument is properly calibrated.

Camfina bay - Type of shallow depression
commonly found on the coastal Carolina plains.
Carolina bays ue typically circuh or oval. Some are
wet or marshy, while others we dry.

Central SavarmahRiverArea (CSRA)-
E1ghtccn-county area in Georgia and South Curolina
smunding Augusta, Gmrgia. The Savannah River
Site is included in the Cenmal Savamafr River ~.
Counties arc Richmond, Columbia, McDuffle, Burke,
Emanuel, Glmcock, Jenkins, Jefferson, Lincoln,
Screven, Taliaferro, W~en, and WIIkm in tirgia
and Alken, Fdgefield, Allendale, Barnwell, and
McCormick in South Carulina.

chetirical o~gen demand - Indicates the quantity of
oxidizable materials present in a water and varies
with water com~sition, concentrations of reagent,
temperature, period of contact, and other factors.

chlo~rbons - Compmrnds of carbnn and chlorine,
or carbun, hydrogen, and chlorine, such as carbon
tetracbloride, chloroform, tetrachloroethylene, etc.
They are among the most significant and wid=prcad
environmental contaminants. Classified as hnzardous
wastes, chlorucarbons may have a tendency to cause
detrimental effects, such as biti def~ts,

C1eanup - Actions taken to d~l with re[ea~ or
potential release of hazardous substances, This may
mean complete removal of the subsbnce, it also may
mean stabilizing, containing, or otherwise treating the
substanw so that it dm~ not ~ffmt h“ma” he~tb or
the environment.

closure - Control of a hamrdous waste management
facility under Resour= Conservation and Recovery
Act requirements. ●
compliance - Fulfillment of applicable requirements
of a plan or schedule ordered or approved by
govenrment authority.

composite - Blendlng of more than one portion to
make a sample for analysis,

Comprehemive Errvfrnnmental Response,
Compensation, and Liability Act
(CERCLA) - This act addresses the clmnup of
hazardous substances and cstablisbes a National
Priorities List of sites targeted for assessment and, if
nccessmy, restoration (commonly known as
“Superfund”).

Comprehensive Errvironmenti Response,
Compensation, and Liability Act
(CERCLA)-reportable releese - Relwe to the
environment that excccds reportable quantities as
defined by the Comprehensive Environmental
Response, Compensation, and Liability Act.

concentration - Amount of a substance contained in
a unit volume or mass of a smple. @

conductivity - Measure of water’s capacity to
convey an elmtric cment. ~Is property is rekucd to
the total concenuation of the ionized substanm in a
water nnd the tempcrahrrc at which the measurement
is made.

:
contamination - State of bclng made impure or
unsuitable by contact or mixture with something
unclean, bad, etc.

count - Signal that announces an ionization event
within a counte~ a m~asure of the radiation from an
object or device.

counting geometry - Well-defined sample size and
shape for which a counting system has been
calibrated.

criteria polIutant - any of the ~llutantx commonl y
used as indices for air quality that can have a serious
effect on human hcaltb and the environment,
includlng sulfur dioxide, nitrogen d]oxide, total
sus~nded ptiiculates, PM IO,carbon monoxide,
ozone, gaseous fluorides, and lead, *
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curie - Unit of radioactivity. One curie is defined as● 3.7X Iolo (37 billion) disintegrations pcr second.
Several fractions and multiples of the curie are
commonly used:

kilocurie (kCi) - 1P Ci, one thousandcuries; 3.7x
1013disintegrations~r second.

millicurie (mCi) - 1&3 C], one-thousmrdth of a cu-
rie, 3.7 x 107disintegrations per swond.

micrucurie (yCi) - l@ Ci, one-millionth of a cu-
rie; 3.7 x l@ disintegrations per second.

picocurie (pCI) - l&12 CI, one-trillionth of a ctiq
0.037 disintegrations ~r swond.

D

decay (radioactive) - Spontaneous transformation of
one radlonuclide into a different radioactive or
nonradioactive nuclide, or into a different eocrgy

e stats nf the same mdlonuclide.

dscay time-Time &en by a quantity to dway to a
stated fraction of its initial value.

deactivation - The prmess of placing a facility in a
stable and known condition, includlng the removal of
hazardous and radioactive materials to ensure
adequate protection of the worker, public health and
safety, aud the environment—thereby limiting the
long-tcm cost of surveillance and maintenance.

decommkionirig - Prmws that takes place after
deactivation and includes suweillance and
maintenance, decontamination, andor
dismantlement.

decontamination - The removal or reduction of
residual radioactive and bmmdous materials by
mechanical, chemical, or other techniques to achieve
a stated objective or end condition.

deactivation and decommissioning - Progmm that
@ rducwtiee”vim”me”til@ndsaf.tyrisbofsuWl”s

facilities at SRS.

derived concentration guide - Concentration of a
mdlonuclide in air or water that, under conditions of
continuous ex~surc for one year by one expsure
mode (i.e., ingestion of water, submersion in air or
inhalation), would result in either an effwtive dose
equivalent of 0.1 rcm (1 mSv) or a dose equivalent of
5 rem (50 mSv) to any tissue, including skin and lem
of the eye. The guides for radionuclidm in air md
water are given in Department of Energy Order
54C0.5.

detection fimit - See analytical dett%tion limit, lower
limit of detection, minimum detectable concentration.

detsctnr - Material or device (instrument) that is
sensitive to radiation and can pruduce a signal
suitable fnr measurement or analysis.

diatimemr - Diatom coll=tion equipment consisting
of a series of microscope slides in a holder that is
used to determine the amount of algae in a water
system.

diatoms - Unicellular or colonial algae of the CIMS
Bacillariophyceae, having siliceous cell walls with
two overlapping, symme~cal partx. Diatoms
represent the predominant pcriphyton (attached algae)
in most water bdles and have tin shown to b
reliable indicators of water quality.

dwposal - Permanent or tempmry transfer of
~ment of Enmgy control and custcdy of real
property to a third party, which thereby acquires
rights to control, use, or relinquish the propsrty.

disposition - Those activities that follow completion
of program mission-including, but not limited to,
sweillance and maintenance, dewtivation, and
decommissioning.

dmolvcd oxygen - Desirable indicator of
satisfactory water quality in terms of low residuds of
biologically available organic materials. Dissolved
oxygen prevents the chemical reduction and
subsequent leaching of irori and manganese from
sdlmenk.

duxe - Energy imparted to matter by ionizing
radiation. The unit of absorbed dose is the rad, equal
to 0.01 joul= per kilogram in any medium.

absorbed dose - Qumtity of radiation energy ab-
sorbed by m orgm, divided by the organ’s maxs. Ab-
sor~ dose is expressed in units of rad (or gay) (1
rad=O.OlGy).

dose equivalent - Product of the absorbed dose
(red) in tissue and a qmlity factor. Dnse equivalent is
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expressed in units of rem (or sievert) (1 rem-4.01
sievert).

committed dose equivalent - Calculated tntal dose
equivalent to a tissue or organ over a 5C-year pried
after known intake of a radlonuclide into the body.
Contributions from external dose ue not included.
Committed dose equivalent is expressed in units of
rem (or sievert).

committed effective dose equivalent - Sum of the
cnmmittcd dose equivalents to various tissues in the
MY, each multiplied by the appropriate weighting
factnr. Committed effwtive dose equivalent is ex-
pressed in units of rem (or sievert).

effective dose cqsdvafent - Sum of tie do= equiva-
lents received by afl organs or tissues of the my af-
ter each one has bmn multiplied by an appropriate
weighting factor. The effective dose equivalent in-
cludes the wnnnitted effwtive dose equivalent from
internal deposition of radionuclidcs and the effective
dose equivalent atibutable to sources extcmd to the
body.

collective dnse eqnivefenticullective efF@ve dnsc
equivsfent - Sums of the dose equivdent.v or effec-
tive dose quivdents of all individuals in m expsed
popaIation witbin a 50-mile (80-km) radius, and ex-
presmd in units of person-rem (or person-sievert).
When the collwtive dose quivalent of interext is for
a s~ific organ, the units would b o~an-rem (oI or-
gan-sievert). The 50-mile distanm is measured from
a pnint lwated mntrally with res~t to mjor facili-
ties or Department of Energy program activities.

dasirneter - Portable detection &vice for measuring
the total accumulated exposure to ionizing radiation.

downgradient -In the direction of decreasing
hydrostatic bead.

drinking water standards - Federal primm’y
drinking water standards, both proposed and final, as
set forth by EPA.

duplicate resuIt - Result derived by taking a portion
of a primmy sample and prforming the identical
analysis on that por&ionas is wrfotmed on the
primary sample.

E
~uent - Any trmted or untreatd air emission or
liquid dischage to the environment.

eMuent monitoring - Collection and analysis of
samples or measurements of liquid and gasenus
effluents for purposes of characterizing and ●
quantifying tbe release of contaminants, assessing
radiation exposures of members of the public, and
demonstrating compliance with applicable standards.

envirnnmentel compliance - Actions taken in
accordance with government laws, regulations,
orders, etc., that apply to site operations’ effwts on
nnsite and offsite natwal resources md on human
health; used interchangeably in this document with
regulatory complian=.

envimnmentnl mmritnring - Program at Savannah
River Site that includes effluent monitoring and
envircaunenta.1surveillance with dual pupse of
(1) showing compliance with fderal, state, and local
regulations, as well as with U.S. Department of
Energy orders, and (2) monitoring any effeck of site
operations nn onsite and offsite nataral resources and
on human health.

environmental restoration - Departmmt of Enmgy
progmrn that dirwts the assessment and cleanup of
inactive waste nnits and groundwater (remdlation)
contmninated as a result nf nuclear-related activities.

environmental surveillance - Collection and
analysis of ssmples of air, water, soil, fdstuffs,
biota, and other media from Depwent of Energy

9
sites and their environs and the measurement of
external radiation for purposes of demonstrating
compliance with applicable standards, assessing
radiation exposures to membrs of the public, and
assessing effects, if any, on the local environment.

exmcsfmsce - Term used by the Environmental
Protection Agency and the %utb Carolina
Dep*ent of Health and Envirrmmental Control
that denotes a report value is more than the upper
guide limit. This term is found on the Discharge
Monitoring Report forms that are submitted tn the
Environmental Protection Agency or the Snutb
Carolina Department nf Health and Environmental
Control.

exposure (radiation) - Incidence of radlatinn on
living or inanimate material by accident nr intent.
Background expnsure is the expnsure to natural
background ionizing radiation. Occupational
expsure is that exposure to ionizing radiation which
akes place during a person’s working hours.
Population exposure is the exposure to the total
number of persnns who inhabit an area.

expnsure pathway - Route that materials follow to
eget to the environment and then to pwple.
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fallout - See worldwide fallout,

Federal Facility Agreement (FFA) - Agrwment
negotiated among the Department of Energy, the
Environmental Protwtion Agency, and tie South
Carolina Depmtment of Health and Environmental
Control, apt%ifying how the Savannah River Site will
address contamination or potential contmnination to
mest regulatory requirements at the Savannah River
Site waate units identified for evaluation and, if
nwess~, cleanup.

feral hog - Hog that has reverted to the wild atate

from domestication.

G

gamma ray - High-energy, short wavelength
electromagnetic radiation emitted from the nucleus of
an excited atom. Gmnma rays are identical to X-rays
except for the source of the emission.

9 gamma-emitter - Any nuclide that emits a gamma
ray dining the pr-ss of radioactive daay.
Generally, the tisaion pmducta produced in nuclear
reactors.

gamma apectmmetv - System consisting of a
detector, associated elt%trmrics, and a multichannel
analyzer that is used to analyze samples for
gamma-emitting radlonuclidea.

grab sample - Sample collwted instantanmusly with
a glasa or plastic bottle placed below the water
surface to collect sufiace water samples (also called
dip samples).

H
haff-life (radiological) - Time required for half of a
given numbr of atoms of a s~ific radionuclide to
decay. Each mrclide has a unique half-life.

heavy water - Water in which the molecules contain
oxygen and deuterium, an isotope of hydrogen that is
heavier than ordin~ hydrogen.

# hydraulic gradient - Difference in hydraulic head
over a specified distance.

hydrology - Science that treats the wcumence,
circulation, distribution, and properties of the waters
of the emth, and their reaction with the environment.

I
in sitn - In ita original place. Field measurement
taken without removing tie sample from its origin,
remdlation pcrfonned while groundwater remains
below the surface.

inorganic - Involving matter other than plant or
animal.

instrument hackgmund - Imtiment signal due to
e[wtricai noise and other interferences not atibated
to the mmple or blank.

ion excfmnge - F’rwcss in which a solution
containing soluble ions is paased over a solid ion
exchange column that removes the soluble ions by
exchanging them with Iablle ions from the sutiace of
the column. The pmcsss is reversible so that tbe
trappsd ions are removed (elutsd) from the column
and the column is regenerated.

irradiat3m - ExPsurs to radiation.

i.votopes - Fmms of an element having the same
number of protons in their nuclei but differing in the
number of neutrons.

long-lived isotope - Radionuclide that decays at
such a slow rate that a quantity of it will exist form
extended period (half-life is greater than tbr-
yeam).

short-lived isotape - Radionu~lide that decays so
rapidly that a given quantity is transform almost
completely into dway productx within a shmt period
(half-life is two days or less).

L
Iahoratory blank - Deionized water sample
generated by the lahratory; a laboratory blank is
anal yzed with each batch of samples as m in-home
check of analytical procedures. Also called m
internal blank.

legacy - Anything handed down from the pas~
inheritance, as of nuclear waste.

lower limit of detition - Smallest
concentcatiodamount of malyte that can be reliably
detwted in a sumple at a 95 percent confidence level.
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macroinvertebratrs - Size-based classification usd
for a variety of insmts and other small invmtebratev
as defined by the Environmental Protmtion Agency,
the% organisms that zce retained by a No. 30 (590
micron) U.S. Standzrd Sieve.

macrophyte - A plant that can bc observed with tbe
nak~ eye.

manmade radiation - Radiation from sources such
zs consumer products, md]cal pmccdumz, and
tmclezr industry.

...

mmimally exposed individmd - Hypothetical
individual who remains in an uncontrolled zrea and
would, when all potential mutes of expemre from a
facility’s oprationv zre considered, r~eive the
greatat pussible dose equivalent.

mean relative ditTemnce - Permntage error based
on statistical analysis.

mercn~ - Silver-white, liquid metal solidifying at
-38.9 “C to form a tin-white, ductile, mallczble mzzs.
It is widely distributed in the environment and
biologically is a nonessential or nonkneficial
element. Human ~isoning due to this highly toxic
element bzz been clinically recognized.

migration - Transfer or movement of a material
through the air, soil, or groundwater.

mihum detechble concentration - Smallest
zmount or concentration of a radlonuclide that can be
distinguished in a sample by a given mezzurement
system at a preselwtcd counting time and at a given
confidence level.

maderate -To reduce the excessiveness ofi to act as
a moderator.

moderator - Material, such zs heavy water, used in a
nuclex rcacter to mtierate or slow down neutrons
from the high velocities at which they Ue created in
the fission process.

monitoring - Process whereby the quantity and
quality of factors that can affect the enviroranent
and/or human health zre meamred ~ri~lcally in
order to regulate and control potential impactz,

nonroutine radioactive relmze - Unplanned or
nonscheduled release of radioactivity to the
environment.

nuclide - Atom specified by its atomic weight,
atomic number, and energy stzte. A radlonuclide is a
mdloactive nuclide.

o
opacity - ,The reduction in visibility of an object or
background az viewed through the diameter of a
plume.

organic - Of, relating to, or detived from living
organisms (plant ox animal).

outcrop - Plzce where groutiwater is dtzchzrged to
the surface. Springs, swamps, md beds of streams
and riverz are the outcrops of the water table.

outfall - Point of dlscbzrge (e.g., drain or piW) of
wzztewater or other effluentz into a ditch, pond, or
river.

P
parametsr - Analytical constituent; chemical
com~und(s) or property for which an znalyticzl
rquest may be submitted.

permeability - Pbysiral property that d=crihs the
caze with which water may hove through the pere
spaces and cracks in a solid.

perzon-rsm - Collective dose to a puprdation group
For example, a dose of one rem to 10 individuals
results in a collmtive dese of 10 person-rem.

pH - Measure of the hydrogen ion concentration in
an aqueous solution. Acidic solutions have a pH from
O-d, bazic solutions have a pH >7, and neutral
solutions have a pH = 7.

piezometer - lns~ment used to measure the
potentiometric surface of the groundwater. Also, a
well designed for this purpose.

plume - Volume of contmninated air or water
originating at a Wint-source emission (e.g., a
smokestack) or a waste source (e.g., a hazzrdous
waste disposal site), *
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point soucce - any detincd source of emissiou to air
or water such as a stack, air vent, pi~, channel or
passage to a water bdy.

populatirmdme- S= collwtivedoseequivalent
under dose.

pro-s sewer - PIPSor drain, generafly Iwated
underground,usedto carry off processwater andor
waste matter.

purge - To remove water prior to sampling, generally
by pumping or bailing.

purge water - Water that has tin removed prior to
sampling, water that has been released to seepage ba-
sins to allow a significant pm’tof tritium to decay before
the water outcrops to surface streams and flows to the
Savannah River.

Q
quslity aaarrmnce(QA) - In tbe Environmental
Monitoring System program, QA conaista of the

o
system whereby the laboratory can assure ctients and
ofier outaide entities, such as government agencies
and accrdlting bodies, that tie laboratory is
generating data of proven and known quality.

quafity cnutml (QC) - In the Environmental
Monitoring Systcm pro~am, QC refers to those
operations undefiken in the lahrato~ to ensure that
the data produced are generated witiln known
probability limits of accamcy and precision.

R
rad - Unit of absorbed dose de~sited in a vnlume of
material.

radioactivity - Spontaneous emission of radiation,
generally alpha or&U particlca, or gamma rays,
from the nucleus of an unstable isotope.

radinnucfide - Unstable nuclide capable of
s~ntaneous transformation into other nuclides by

o
changing its nuciem configuration or energy level.
This transformation is accompanied by the emission
of photons or particl~.

reaf-time inatrumentutinn - Operation in which
progmmmcd res~nses tn an event are essentially
simultanwus with the event itself.

reforeatstion - Process of planting new aces on land
once forested.

regulatory compliance - Actions tien in
accordance with government laws, regulations,
orders, etc., that apply to site operations’ effwtson
onsite and offsite natural r.csourcti and on human
healti, used interchangeably in tils document with
environmental comp[imce.

release - Any discharge to the environment.
Environment is broadly defined as any water, land, or
ambient air.

rem - Unit of dose equivalent (abaor~ dose in rads
x the radiation quality factor). Dose equivalent is
frequently repoficd in units of millirem (mrem)
which is one-thousandfi of a rem.

remedlation - Assessment and cleanup of
Depmtment of Energy sites contaminated with waatc
aa a result of past activities. S- environmental
restoration.

remedmtinn design - Planning as~ts of
remcdiation, such as engineering charactcfization,
sampling studlca, data compilation, and determining a
path focward for a waate site.

replicate - In the Environmental Monitoring Swtion
groundwater monitoring progam, a s~ond sample
from the same well taken at the sme time as the
primary sample and sent to the same laboratory for
analysis.

Rcsnucce Ccmaervation and Recovecy Act
(RCRA) - Federal legislation that regulates tie
transport, treatment, and d~posal of solid and
hazardous wastes. This act also requirw comcctive
action for releases of hazardous waste at inactive
waste units.

Rsnurce Cnuaervation and Rccnvery Act (RCRA)
site - Solid waste management unit under Resource
Conservation and Rwovery Act regulation. See
Resource Conservation and Rscovery Act.

retention basin - Unhmd basin used for emergency,
tempmry storage of potentially conrnminatcd
cooling water from chemical separations activities.
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RFf/RI Prugram - RCRA Facility
Investigation/Remedial Investigation Program. At the
Savmruab River Site, the expansion of the RFI
Progrm to include Comprehensive Environmental
Res~nse, Com~nsation, and Liability Act and
hazardoussubstance regulations.

rmrtfne radioactive release - Planned or scheduled
release of radioactivity to the enviromnent.

s
seepsge basin - Excavation that receives wastewater.
Insoluble materials settle out on the flour of the basin
and.snluble materials mep with the water through the
soil colmnn where they are removed partially by ion
exchange with the soil. Construction may include
dikes to prevent overflow or surface runoff.

seuaitivity - Capability of metbudology or
iustrmrmnta to discriminate between smnples with
differing conwntrations or cnn~ining varying
mounts of armfyte.

settfing bssin - Tempumry holdlng basin
(excavation) that -ives wastewater which is
subsequently discharged.

site strenm - Any natural s~eam on the Savannah
River Site. Surface dainage of the site is via these
streams to the Savamrab River.

smrme - Point or object from which radiation or
contamination emanates.

mu- check - Radioactive wurce with a known
amwt of radioactivity used to cb~k the
prfommnce of the radiation detector instrument.

source @rm - Quantity of radioactivity released in a
set priml of time that is traceable to the stinting point
of an effluent saeam or migration pathway.

spent nuclear fuel - Used fuel elements from
reactors.

spike - Addition of a known amount of reference
material containing the analyte of interest to a blank
sample.

stabIe - Not radioactive or not easily dwompesed or
otherwise mdlfied chemically,

stack - Vertical pipe or flue deeignd to exhaust
airbume gases and sus~nded pmiculate matter.

standard deviation - Indication of the dispersion of
a set of results around their average. ●
stormwater runoff- Sm’face streams that appear
after precipitation.

Superfund - see Comprehensive Environmental
Response, Compensation, and Liability Act
(CERCLA).

supernate - Portion of a liquid abuve settld
materials in a tank or other vessel.

surface water - All water on the smface of the earth,
as distinguished from groundwater.

T
tank farm - Installation of interconnected
underground tanks for storage of Klgh-level
radioactive liquid wastes.

temperatim - Themral state of a bndy considered
with its ability to communicate heat to other bcdies.

thermoluminescent dosimeter (TLD) - Device used
to measme external gamma radiation,

total diaaolved solids - DIssolvrd solids and total @
dissolved solids are terms generally assmiatrd with
freshwater systems and consist of inorganic salts,
small mrrounts of organic matter md dissolved
materiak.

totaI phosphorus- When conwntrations exceed
25 ma at the time of the spfing twover on a
volume- weighted basis in lakes or reservoirs, it may
occasionally stimulate exce<sive or nuisance growths
of algae and other aquatic plants.

totnl suspended particalates - Refers to the
concentration of particulate in suspnsion in the air
irrespective of the nature, soarce, or size of the
particulate.

transport pathway - pathway by which a released
contaminant physically is transported from its pnint
of discharge to a pint of potential expcsure to
humans. Typical transport pathways include the
atmosphere, surface water, and groundwater.

tran.suranic waste - Solid radioactive waste
containing primtily alpha-emitting elements heavier
than uranium.

trend - General drift, tendency, or pattern of a set of
data plotted over time. e
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turbidity - Measure of the concentration of sdlment
or suspended particles in solution.

u
unspecified alpha mrd beta emissions- the
unidentified alpha and kta emissions that are
determined at each efOuent Iecation by subtracting
the sum of the individually measured alpha-emitting
(e.g., plutonium-239 and uranium-235) aed
&ta-emitting (e.g., cesium- 137 and strontium-90)
radlonuclides from the measured gross alpha and beta
valuea, respectively.

v
vitrify - Change into glass.

fitr~lation - Prucess of changing into glass.

volatile orgatic compounds- Broad range nf
organic compounds, commonly halogenated, that
vaporize at ambient, or relatively low, tcmpratures

*

(e.g., acetone,bemene, chloroform, and methyl
alcohol).

w
weate management-The Department of Energy
uses this term to refer to the safe, effective
management of various kinds of nnnbazardous,
hazardoua, ad radioactive waste generated on site

wu.vteunit- Inactive area that is known to have
received contamination or had a release to tie
environment.

water table - Planu, underground surface beneath
which earth materials, as soil or rock, are sat”ratcd
with water.

weighting factor - Value used to celculate dose
equivalent. R is tissue spccitic and represents the
fraction of the tote] health risk resulting from
uniform, whole-bcdy irradiation that could be
attributed tothatpmticular tissue. The weighting
factors used in MISreport are recommended by the
International Commission on Radiological Protection
(Publication 26).

wetlands - hwland area, such as a marsh or swamp,
inundated or saturated by surface or groundwater
sufficiently to suppoct bydmphytic vegetation
typically adapted for life in saturatd soi)s.

wind mse - Diagram in which statistical information
concerning direction and speed of the wind at a
location is summ=ized.

worldwide fallout - Radioactive debris fmm
atmospheric weapons tests that has kn deposited on
the earth’s surface after Wing airbeme and cycling
around the enrth. .
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Units of Measure Units of Measure

ymbol Name Symbol Name

9mperature Concentration

“c degrees Centigrade ppb parts per billion

“F degrees Fahrenheit ppm parls per million

ime

d day Rate

h hour Cfs cubic feet per second

Y year gpm gallons per minute

ength

cm centimeter Conductivity

n foot pmho

in. inch

km kilometer

m meter Radioactivity

mm millimeter Ci curie

pm micrometer cpm counts per minute

mCi miliicurie

fass #cl micrwurie

9 gram pa picocurie

kg kilogrsm Bq becquerel

m9 milligram
.

$9 microgram Radiation Dose

mrad millirad

Lraa mrem milfbem

mi2 square mile Sv sieverl

ftz square foot mSv millisievert

&sv microsievert

rolume R roentgen

gal gallon mR

L

milliroentgen

liter VR microroentgen

mL milliliter Gy gray
—
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SRS Environmental Report for 2002- Maps
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Figurel The Savannah Riverside
SRS is located in South Carolina, about 12 miles southof Aiken, South Carolina, and about 15 miles aoutheaat
of Augusta, Georgia. The Savannah River flows along a potion of its southwesternborder.
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Figure 2 Radiological Surface Water Sampling Locations

Suweillance and effluent sampling points are at SRS seepage basins and streams and on the Savannah River.
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SRS Environments/ Repoti for2002 - Maps

Windsor Road

Georgia

1 5 Miles
~

A RadiologicalAir SurveillanceLocation

ESWGIS Map

Figure 4 Radiological Air Surveillance Sampling Locations
The SRS air surveillance program consists of 13 stations Ixated on site or elong the site perimeter,as well as
(flOtshown) three stations approximately25 milesfrom the site perimeter (located near the U.S. Highway 301
Bridge ovar the Savannah RiveL the New Savannah BIuff Lock and Dam, also known as the Augusta Lock
and Dam: and the Aiken airport) a“d one about 100 miles from the site perimeter (near Savannah, Georgia).
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Figure 7 Radiological Sediment Sampling Locations

Sediment samples were coll%ted in 2002 at eight Savannah River locations-upriver of, adjacent to, and
downriverof the site-and 13site stream Imationa.
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‘iaure 9 SwemD Contamination

Radioactivityreleased from SRS operations contaminatedthe Savannah River Swamp between Steel Creek and
LittleHell Landino-an area outsidethe SRS boundaw-durina the 1960s. ADDroximatelv25 Cl of cesium-f 37 and
1 Cl of cobalt-60kere released from the P-Area storage basinio Steel Creekind migrated downstreamto a part 01
the swamp.

WSRGTR-2003-OO026 9



SRS Envirorrmenta/ Report for 2002- Maps

Georgia

SRTC Map

Figure 10 Savannah W!ver Swamp Sampfing Trails

Ten samplingtrails were established in the Savannah River Swamp in 1974 so that surveys could be conducted on
the movement of contamination from SRS operations.

b
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Figure 11 Nonradiological Surface Water Sampling Locationa

Surface water samples are collected from five Savannah River and 11 SRS stream locationsand are analyzed
for variouschemical and physical properties.
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Figure12 Drinking Water Systema

Most of the drinking water et SRS is supplied by three systems. The site also has 15 small drinking watet
facilities that Sewe populations of fewer than 25 persons. The three larger systems are depicted by
transmission pipes, elevated storage tanks, water treatment plants, and a backup water treatment plant.
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Figure13 Nonradiological Sediment Sampling Locations

Sadiment samples are collected at eight onsite stream locationsand three Savannah River locations.The
sampleaare enelyzed fOrvariouaInorganiccontaminants(metals) and pesficideaihetilcidea.
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Figure14 Se@or3pecific Adult Maximally Ex~sedlndividuel Air Pathway Doses (inmrem)for2W2

Maximally exposed individualsite boundary doses from airborne releases are shown for each of the 16 majora
wmpass pointdirections surrounding SRS. For 2002, the due-norfh sector was the location of the highest dose
(0.06 mrem) to the meximelly exposed individual dose.
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Wind Rose for the H-Area Composite Data Set
Five-Year Period 1997-2001

N

E
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Wind Speed Class Boundaries
(Meters/Second)

SRS AtmosphericTShnolcgies Graphic

fi9Ure 15 Wind Rose for SRS, 1997–2001
This wind rose graphically depicts the percent of occurrence frequencies of six wind speed categories by 16 cardinal
wind directionsectorsat SRS. The wind speed categodes are defined on the plot;diretiton is defined as the sestor
from which the wind blows.The data used to generate the wind roee consistof hourlyavaragas of wind speed and
directionat the H-Area meteorologicaltower for the 5-year period f 997-2oOl; measurements were taken 200 feet
above the ground.
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SRS Environmental Repor? for 2002-Maps

8i~43’oow
&4q 450#o

8f%3’OOW UTM E

1 SOUTH I

. 3Yi3’oo”r

33~os’03.l

3 3 Miles
-

N

5 5 Klorrmters
-

A
------- . .
>Hlti/bH Map

Figure 16 Facilities Monitored by the SRS Monitoring Well Network $haded Areas Indicate Extent of
Groundweter Contamination in 2002.
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SRS Environmental Report for2002 - Maps
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Figure 17 Water Table Contours at SRS
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SRS Environmental Repofl for 2002- Maps
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Figure 18 Potentiometric Surfece of the Gordon Aquifer at SRS
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SF7S Environmental Report for 2002-Maps
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o Figure 19 Potentiometric Surface of the Crouch Branch Aquifer at SRS
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SRS Environmental Repod for 2002-Maps
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Figure 20 Potentiometric Surface of the McQuaan Branch Aquifer at SRS
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SRS Environmental Repoti for 2002- Maps

Figure 21 Wells Along Site Boundary Between A-Are~-Area and Jackson, South Carolina (Nearaat
Population Center)
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SRS Environmental Repotl for 2002- Maps

ESSIGIS Map

Figure 22 Burke/Scraven County, Georgia, Well Locationa
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Fractions and Multiples of Units

Repoti
Multiple Decimal Equivalent Prefix Symbol Format

106 1,000,000 mega- M E+06

103 1 ,mo kilo. k E+03

102 100 hecto- h E+02

10 10 deka- da E+O1

,0-1 0.1 deci- d E-01
,0.2 0.01 centi- C E-02
,0-3 0.001 milli- m E-03
,0.6 0.000001 micrO- P E-06
,0.9 0.000000001 nen~ n E-09
,0-12 0.000000000001 picO- P E-12
10-15 0.000ooooooooooo1 femtO- f E-15
10-18 0.000000000000000001 atto. a E-18

Conversion Table (Units of Radiation Measure)

Current Syctem Sysr&me Irrternatiorrsl Conversion

curie (CI) becquerel (Bq) 1 Ci = 3.7x1010Bq

rad (radiation abwrbed dose) gray (Gy) 1 md = 0.01 Gy

~rem (roantgen equivalent man) aieveti (Sv) 1 rem= 0.01 Sv

Conversion Table

Multiply By To Obtain MultiPly By To Obtain

in. 2.54 cm cm 0.394 In.

n 0.305 m m 3.26 n
mi 1.61 km km 0.621 mi

[b 0.4536 kg kg 2.205 lb

Iiq qt-u.s. 0.946 L L 1.057 tiqqt.u.s.
ti2 0.093 ~z ~2 10.764 ftz
mi2 2.59 kmz km2 0.386 m\2

* 0.026 m$ ~3 35.31 @

Wm 0.450 pa pcl 2.22 tim

DC) ,0-6 @c! yCi 1oa pCi

pCi/L (water) ,0-9 ~C(mL (water) pCtimL (water) 109 pCiL (water)

>Ci/m3(air) ,0-12 ~CJmL (air) pCimL (air) 1012 pCi/m3 (air)




